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AMENDED CLAIMS 

[received by the International Bureau on 31 July 1998 (31.07.98); 
original claims 1-49 replaced by amended claims 1-48 (5 pages)] 



1. A method of ireaiing an infertUity condition in a humnii or inaimnal by 
exposure of a prospective tnolhcr to one or more anugcns of a prospective father and 

5 to substantially purified TGpp or an effective derivative or analog tJierenf before 
aticmptcd conception to elicit an immune reaction leading lo tolerance to said one or 
more antigens to thereby alleviate symptoms of the infcrlilily condition. 

2. A method of treating an inreililily condition as in claim 1 whercin a mucosal 
10 surface of the prospective mother is exposed to the one or mon; antigens. 

3. A method of treating an infertility condition as in claim 2 whercin Uic mucosal 
surface is selected from the group coinpiising an oral mucosal surface, a respiratory 
mucosal surface, a gastrointestinal mucosal surface or a genital mucosal surface. 



15 



4. A method of Ueating an infertility condition as in claim 2 wherein the niucosol 
surface is a genital mucosal surface. 



5. A method of ueating an infertility condition as in claim 2 wheiclii ihc one or 
20 moiE antigens and TGpp or derivative or analog thereof is injected for systemic 

contact. 

6. A method of ueating an infertility condition as in claim 2 whcicin ihc TGFP or 
derivative or analog thereof and the one or more antigens are adminsicted at one site. 

25 

7. A method of treating an infertility condition as in claim 2 whcrEtn the TGPp or 
derivative or analog thereof and the one or more antigens arc each adminstcrcd ni a 
first site and a different site itspeciively. 

30 8. A method of treating an infertility condiaon as in claim 1 whci\2in the TGFp or 
deiivaUve or analog thereof and the one or more antigen aiu adminstered lenjporarily 
spaced apan. 

9. A method of treating an infertility condition ns in claim 8 whctt:in the one or 
35 more antigens are administered subsequent to administration of the TGFP or 
derivative or analog thereof. 
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10 A method of ucaung an infenUity condition as in claim 8 whci^ln the one or 
moic antigens are adminstered first followed by adminisuatiou of TGFfi or dcrivatxvc 

or analog iheieof. 

5 11 A method of treating an infcitility condition as in claim 1 whccin the one or 
more anUgens a.x: chosen as a result of being particularly antigenic and promment 

either on the sperm, or on the conccplus. 

1 . A method of ttcating an infertility condition as in claim 1 wherien the one oc 
,0 .rii.. antigens are present on ccUs taken from the prospective father that contau. MHC 

antigens. 

13. A method of t..aung an infer^iluy condit.on as in cla.m 12 wherein the antigen 
is an MHC I antigen of the prospective father. 



15 



14 A method of t.eating an infettility condition as clain. 1 wherein the one or 
antigens are administered on leukocytes of the prospective father. 



more 



15 A method of treating an infertility condition as in claim 1 whemin the one or 
20 more antigens are adminstrated on sperm cells of the prospective father. 

16 • A method of t.^ating an infctility condition as in claim 1 whc.in the one or 
antigen.s are adminsuatcd in the seminal plasma of the prospeeuve father. 



more 



25 



17 A method of u^ating an infertility condition as in claim 1 wherein the one or 
nroic antigens are presented in purified or semi-punf.ed form. 

,8 A method of treating an mfeaihty condition as in claim 17 when:in the 
purified or semi purified one or more antigens are pn.en.ed on inert or adjuvant 



30 carriers. 



being ueated. and Uie exposure of TOFP is lo a mucosal su. 
TGFP is stealer than 50 ng/ml will. . loul dose of ISOng/ml 

" 20 A method o( .readng an infatili., condition as in Cairn 2 wherein .he mucosal 
slcctslTosed to a concent^tion of 1X3FP of between .00 and 400ng/m. w..,. a 
total dose of between 100 to 2000ng. 
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21. A nicthod of irealiog an infcrlUily condition as in claim 1 wlKi^in Ulc TGPP or 
derivative or analog Iheicofis supplied in a slow release form. 

, 22 A method of treating an infertility condiuon as in claim 1 wherein the exposure 
■ of the one or more antigens is to the prospective mothers genital tract in the form o 

.he prospective father's ejaculate, and the level of exposure is determtned by the cell 

count and antigenic density on the surface of such cells. 

, 0 23 A method of treadng an mfemhty condrt.on as in claim 2 whe,.m humans are 
being treated and the one or more antigens a., present on leukocytes, whereby 
between 10? and 10^ leukocytes are adminstercd to a mucosal surface. 

24 A meti^od of tt.ating an infemUiy condition as in claim 1 whe.-ein the TGPp ts 
15 selected from the group of TCFji,. TGF(i2 and TGFP3. 

25. A method of l.eating an mfcnihty condition as m claim I whe.vin the TGPP is 
TGPPI. 

2(, 26. A method of treatmg an n,fertility cond.taon as in claim 1 wheren, the TGPP is 
modified. ' 

27 A molhoO of uca.ing an Inforumy condhion a., in claim 26 wherein .he 

2S m»«nu ncp.i<ic fragment of TGPP or <ieriva„v« or analog .hereof, and pepudc 
r:,"ls of TGFP or deHva.ve or anafo, .hereof w.,ich have heen ineo,vo,a.ed 

another protein. 

28 A n.e.hod of .reari., an in.e,.iU.y condiuon as in elain, 1 wherein ..e TOFP 
30 or derivaUve or analog .hereof ia a member of .he TGPP supe,r.,n,l,. 

29. A memod of .rea.ing an inferUli.y eondi.ion aa in claim 28 whexin .he 
member of Ihe TOPP superfamily is aeUvm. 

35 30. A me,hod of »a.ing an infer.ili.y condiuon a,, in claim I whcein TOF(i i.. 
administered in its active form. 
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31. Amclhodof trcatinfianinferuUlyc^^^^^^ ^ wherein TGPP is 

administered in precursor form. 

32 A m«hod of .maUng a,> infctilUy condition as in olain. 1 whc^in Iho 
5 pLp.c.lve mother is incapable oi convcUng snfncien. ot CKo n,aci.. fonn of TGFP 
.„ active TOPP, and tl,= tnethod of trcatlns inctadcs adn,inis.«tto„ of acuvc TOPp. 

33. A method or tteaUns an infetti.i.y condition as in clain, . -^-i" *e 
p,.sp=c,ivc mother is incapahle of convetUnE the tnaCve fo.in ot TOPP to acttvc 

,0 TOFP. and the tnethod of trcaung includes adminlsnation of a componnd capable of 

activating TGFp. 

34. A tnethod of trcatins an .nfcthty condiUon as in clann 1 wherein the 
prospective mother is incapable of converting the inacttve fonn of TGFp to acfvu 

,5 TGFP and the method o. treating includes adtninistradon of plasntln. .so as to .ucease 

the level of active TGpp. 

35 A n,ethod ot treaung an inlenilily condiuon as in claim 1 wherein TGFP is 
administered in an unpurified form osing a biological sou.ce rich .» TOFp. 

36. A method of treating an infcrtUi.y condit.on as in claim 35 whemin the TOrp 
is administered in the form of plaiclels. 

3, A method of tn=ating an infertility condition as in claim 2 wherein homans are 
25 being tried and the exposme to TGFP and male antigen is a mo.t.ple exposure. 

36. A tnethod of ucating an infctrility condition as in Cairn 37 when=in th^ 
muldple oxposntc is preferably perfotmed over a period spanntng a. .ca.st thtee 
monihs prior lo aiieraptcd conception. 

39 A method of t.e.eng an InferUmy condiUon as in claim . ""7- 
being ueated and expo.sote i., at least one weelc befote conceptton ,s attempted. 

40. A tnethod of ...aUng an intenility condition as in claim . whe^in the exposu,. 
35 is before altempted concepUon 
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IPEA/. 



PCX 

DEMAND 

under Article 3 1 of the Patent Cooperation Treaty: 
The undersigned requests that the international application specified below be the subject of 
international preliminary examination according to the Patent Cooperation Treaty and 
hereby elects all eligible States (except where otherwise indicated). 
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For Inlcmalional Preliminary Examining Authority use only 
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Box No. I IDENTIFICATION OF THE INTERNATIONAL APPLICATION 


Applicant*s or agent's file reference 


Iniemaiional application No. 
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Teleprinter No.: 
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AUSTRALIA 
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TREMELLEN, Kelton Paul 
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Box No. HI AGENT OR COMMON REPRESENTATIVE; OR ADDRESS FOR CORRESPONDENCE 



The following person is []x] agent Q common representative 

and [X] has been appointed earlier and represents the appiicanl(s) also for international preliminary examination. 

[ I is hereby appointed and any earlier appoinlment of (an) agcnt(s)/common representative is hereby revoked. 

I I is hcrcbv appointed, specifically for the procedure before the International Preliminary Examining Authority^ in addition to 
* — the agent(s)/common representative appointed earlier. 



Name and address: (Family name/oUoued by given name: for a legal entity, fuil official designation. 
The address must include postal code and name of country.) 

A.P.T. Patent and Trade Mark Attorneys 

GPO Box 7 72 

ADELAIDE 5001 

SOUTH AUSTRALIA 

AUSTRALIA 



Telephone No.: 

08 84105040 



Facsimile No.: 

08 84105042 
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□ Address for correspondence: Mark this check-box where no aeent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to whicTi correspondence should be sent. ^ 



Box No. IV BASIS FOR INTERNATIONAL PRELIMINARY EXAMINATION 



Statement concerning amendments:* 

1. The applicant wishes the international preliminary examination to start on the basis of: 
(~| the international application as originally filed 

the description [3 " originally filed 

I I as amended under Article 34 

the claims Q as originally filed 

fx] as amended under Article 19 (together with any accompanying statement) 
I I as amended under Article 34 

the drawings [3 ^ originally filed 

I I as amended under Article 34 

2. CH applicant wishes any amendment to the claims under Article 19 to be considered as reversed. 

3 I — I The applicant wishes the start of the international preliminary examination to be postponed until the expiration of 20 months 
^ frtjm the priority dale unless the International Preliminary Examining Authority receives a copy of any amendments made 
under Article 19 or a notice from the applicant that he does not wish to make such amendments (Rule 69. 1(d)). (This check- 
box may be marked only where (he lime limit under Article 19 has not yet expired.) 
• Where no check-box is marked, intcniational prcliminaiy examination will start on the basis of the international application 
as originally filed or. where a copy of amendments to the claims under Article 1 9 and/or amendments ^^c mteniational appi^^^^^^ 
under Article 34 arc received by the Inleniational Preliminary Examining Authority before it has begun to draw up a written opinion 
or the international preliminary examination report as so amended. 



Language for the purposes of international preliminary examination: 

I I which is the language in which the international application was filed. 

( I which is the language of a translation furnished for the purposes of international search. 

I I which is the language of publication of the international application. 

|~| which is the language of the translation (to be) fumished for the purposes of international preliminary examination. 
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The applicant hereby elects all eligible Slates (that is, all States which have been designated and which are bound by Chapter il of 
the PCT) 

excluding the following States which the applicant wishes not to elect: 
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amendments under Article 19 
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1. [Xj fee calculation sheet 4. Q statement explaining lack of signature 

2. I I separate signed power of attorney ^ 

3. I I copy of genera! power of attorney; 
' — ' reference number, if any: 



I I nucleotide and or amino acid sequence listing in 
' ' computer readable form 
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□ The date of receipt of the demand is WITHIN the period of 19 months from the priority dale as extended by virtue of 
Rule 80.5. 



, I — I Although the date of receipt of the demand is after the expiration of 19 months from the priority 
I — I is EXCUSED pursuant to Rule 82. 
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Date of mailing (day/month/year) 

11 September 1998(11.09.98) 
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A.P.T. PATENT AND TRADE MARK 

ATTORNEYS 

G.P.O. Box 772 

Adelaide, S.A. 5001 

AUSTRALIE 



Applicant's or agent's file reference 
1103PCT 


IMPORTANT NOTICE 


International application No. 
PCT/AU98/00149 


International filing date (day/month/year) 
06 March 1998 (06.03.98) 


Priority date (day/month/year) 

06 March 1997 (06.03.97) 


Applicant 

LUMINIS PTY. LTD. et al 



1. Notice is hereby given that the internationai Bureau has communicated, as provided in Article 20, the international application 
to the following designated Offices on the date indicated above as the date of mailing of this Notice: 

AU,BR,CA,CN,EP,IUJP,KP,KR,NO,PL,US 

In accordance with Rule 47.1(c). third sentence, those Offices will accept the present Notice as conclusive evidence that 
the communication of the international application has duly taken place on the date of mailing indicated above and no copy 
of the international application is required to be furnished by the applicant to the designated Offfce(s). 

2. The following designated Offices have waived the requirement for such a communication at this time: 

AUAM,AP,AT,AZ,BA,BB,BG,BY,CH,CU,CZ,DE,DK,EA,EE,ES,FI,GB,GE,GH,GM,GW,HUJD,IS,KE, 

KG,KZ,LC,LK,LR,LS,LT,LU,LV,MD,MG,MK,MN,MW,MX,NZ,OA,PT,RO,RU,SD,SE,SG,Sl,SK,SUTJ, 

TMJR,TT,UA,UG,UZ,VN,YU,ZW 
The communication will be made to those Offices only upon their request. Furthermore, those Offices do not require the 
applicant to furnish a copy of the international application (Rule 49.1 (a-bis)). 

3. Enclosed with this Notice is a copy of the international application as published by the International Bureau on 
1 1 September 1 998 (1 1 .09.98) under No. WO 98/3902 1 

REMINDER REGARDING CHAPTER II (Article 31(2)(a) and Rule 54.2) 

If the applicant wishes to postpone entry into the national phase until 30 months (or later in some Offices) from the priority 
date, a demand for international preliminary exannination must be filed with the competent International Preliminary 
Examining Authority before the expiration of 19 months from the priority date. 

It is the applicant's sole responsibility to monitor the 19-month time limit. 

Note that only an applicant who is a national or resident of a PCT Contracting State which is bound by Chapter II has the 
right to file a demand for international preliminary examination. 

REMINDER REGARDING ENTRY INTO THE NATIONAL PHASE (Article 22 or 39(1)) 

If the applicant wishes to proceed with the international application in the national phase, he must, within 20 months 
or 30 months, or later in some Offices, perform the acts referred to therein before each designated or elected Office. 

For further important information on the time limits and acts to be performed for entering the national phase, see the 
Annex to Form PCT/IB/301 (Notification of Receipt of Record Copy) and Volume II of the PCT Applicant's Guide. 
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Applicant's or agent's file reference 
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IMPORTANT INFORMATION 


International application No. 
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International filing date (day/month/year) 

06 March 1998 (06.03.98) 


Priority date (day/month/year) 

06 March 1997 (06.03.97) 


Applicant 

LUMINIS PTY. LTD. et a! 



1 . The appticant is hereby informed that the International Bureau has, according to Aaicle 31 (7), notified each of the following 
Offices of its election: 

AP :GH,GM,KE,LS,MW,SD,SZ,UG,ZW 

EP :AT,BE,CH,DE,DK,ES,FI,FR,GB,GR,IEJT,LU,MaNL,PT,SE 

National :AU,BG,BR,CAXN,CZ,DE,GBJL,JP,KP,KR,MN,NO,NZ,PL,RO,RU.SE,SK,US, 
VN 

2. The following Offices have waived the requirement for the notification of their election; tr ? notification will be sent to them 
by the International Bureau only upon their request: 

EA :AM,AZ,BY,KG,KZ,MD,RU,TJ,TM 

OA :BF,BJ,CF,CG,CI,CM,GA,GN,MUMR,NE,SN,TD,TG 

National :AUAM,AT,AZ,BA,BB,BY,CH,CU,DK,EE,ES,FI,GE,GH,GM,GW,HUJD,IS,KE, 

KG,KZ,LC,LK,LR,LS,LT,LU.LV,MD,MG,MK,MW,MX,PT,SD,SG,SI,SUTJJMJR,TT,UA, 

UG,UZ,YU,ZW 

3. The applicant is reminded that he must enter the "national phase" before the expiration of 30 months from the priority date 
before each of the Offices listed above. This must be done by paying the national fee(s) and furnishing . if prescribed, a 
translation of the international application (Article 39(l)(a)), as well as, where applicable, by furnishing a translation of any 
annexes of the international preliminary examination report (Article 36(3)(b) and Rule 74.1 ). 

Some offices have fixed time limits expiring later than the above-mentioned time limit. For detailed information about the 
applicable time limits and the acts to be performed upon entry into the national phase before a particular Office, see Volume II 
of the PCT Applicant's Guide. 

The entry into the European regional phase is postponed until 31 months from the priority date for all States designated for 
the purposes of obtaining a European patent including, where applicable, ES which cannot be elected since it is not bound 
by Chapter II. 





Authorized officer: 




The International Bureau of WlPO 






34, chemin des Colombettes 


J. Zahra 




121 1 Geneva 20, Switzerland 






Facsimile No. (41-22) 740.14.35 


Telephone No. (41-22) 338.83.38 




Form PCT/18/332 (September 1997) 




2224943 



PCX 

REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 



m 

For receiving Office use only 



International Application No. 



International Filing Date 



Name of receiving Office and "PCT International Application*; 



Applicant's or agent's file reference 
(if desired) (12 characters maximum) 



1103PCT 



Box No. I TITLE OF INVENTION 

TREATMENT AND DIAGNOSIS OF AN INFERTILITY CONDITION 


Box No. n APPLICANT 




N-m- and address- (Family namefoUowed by given name; for a le^al entity, full official dest^orL 
m<ii^ess7^t^ code and nam/ of country. The country^^the P^ressmdi^£^ 
Box hSu: applicant's Stcaeiie. country) of residence if no State of residence is indicated below.) 


[ 1 This person is also inventor. 


Luminis Pty Ltd 




Telephone No. 

08 83035020 


1st Floor 

10-20 Pulteney Street 
Adelaide SA 5000 
Australia 




Facsimile No. 

08 83034355 




Teleprinter No. 


State (i.e. country) of nationality: 
AtlJ^TRALIA 


State (i.e. country) of residence: 

AtlRTRALT A 


™s^person is applicant Q ^1 f-ignated ^^^1^^^ Hof^^^^^^^^ U'^lt^^^^^^^^^ 


Box No. m FURTHER APPLICANT(S) AND/OR (FURTHER) INVENTOR(S) 


Name and address: (Family name followed by given name: for a legal entity, full official desig^^ 
Tk^^ssmust include postal cadi and nam/,^ country, pie ^ofuryof the acUj^sin^ m this 
B^xTtL applicant's Stale (Le. country) of residence if no State of residence is indicated below.) 

ROBERTSON, Sarah Anne 
24 St Peters Street 
St Peters SA 5069 
AUSTRALIA 


This person is: 

I I applicant only 

1 )(| applicant and inventor 

1 1 inventor only (If this check-box 
* ' is marked do not fill in below.) 


State (i.e. country) of nationality: 
AUSTRALIA 


State (i.e, country) of residence: 

AUSTRALIA 




fx"! Further applicants and/or (further) inventors are indicated on a continuation sheet 


Box No. IV AGENT OR COMMON REPRESENTATIVE; 


OR ADDRESS FOR CORRESPONDENCE 


The person identified below is hereby/has been appointed to act on behalf rn gggnt I 1 common representative 
of the applicani(s) before the competent International Authonties as: < — » < — 


Name and address: (Family name foUowed by given name: for a legal entity, fr^^ 
The address must include postal code and name of country,) 

A.P.T. Patent and Trade Mark Attorneys 
GPO Box 77 2 
Adelaide SA 5001 


Telephone No. 

08 84105040 


Facsimile No. 

08 84105042 


AUSTRALIA 




Teleprinter No. 


f— 1 Mark this check-box where no agent or common representaUve is/has been appointed and ine space above u.^ ,»iiuiu lu 
1 1 indicate a special address to which correspondence should be sent — ; , ^ 



Form PCT/RO/lOl (first sheet) (January 1997; reprint January 1998) 



Sheet No. 



Continuaaon of Bo x No. m FURTHER APPLICANTS AND/OR (FURTHER) INVEKTORS 

Ifnoneofthefonowingsub.boxesismed,thUsheetisnottobeineludedinther^^ 



TREMELLEN, Kelton Paul 
3 Wallace Street 
Vale Park SA 5081 
AUSTRALIA 



This person is: 

I I applicant only 

[ applicant and inventor 

□ inventor only {IJ this check-box 
is marked do not fill in below.) 



State (i.e. country) of nationality: 
for the purposes of: i — I ^^^^^ ' — ' . 



State (i.e. country) of residence: 

the United States 



Name and address. - 
I The address rnust include 
Box is the applicant' 




This person is: 

I I applicant only 

I I applicant and inventor 

□ inventor only (// this check-box 
is marked do not fill in below.) 



State (i.e. country) of nationality: 



State (i.e. country) of residence: 



TOs person is applicant ri gH designated |-] □ '^A'^^ □ iuTp'emca^x 

for the purposes of: \ — » ^^^^ ' — ' 




This person is: 

I I applicant only 

I I applicant and inventor 

□ inventor only (// this check-box 
is marked do not fill in below.) 



State (i.e. country) of nationality: 



State (i.e. country) of residence: 



, ' .1 _ f i-ir-H ATM I I the States indicated in 

TOS person is applicant m I'i^'^"'""' H §ill5Sf?l sl»Sk □ gr/SS &y □ .he Supplemenud Box 

for the purposes of: I — I oiaics i — i ===== ========================^^^''^'^^^ 



Namepd addr«s: fFomify n^/^^ 



This person is: 
I I applicant only 

I [ applicant and inventor 

□ inventor only (If this check-bo 
is marked do not fill m below. 



:-box 
) 



State (i.e. country) of nationality: 




' ~ . , |_;,. J ctates ihc Statcs indicated in 

™s person is applicant n ^i?!^"^'""' □ SlllTif^l^uKJSSS^ H o^AS^aU □ the Supplcn.n.;U Box 
for the purposes of: 1 — i aiaics i — i ===============^ 

See Notes to the request form 



□ Further applicants and/or (further) invento rs are indicated on another continuation sheet 

1007- rcoTint January 1998) 



wi n rrs ^r^m ^.._*r_.i 



Sheet 



No * 



Regional Patent LSLesolho. MW Malawi. SD Sudan. SZSw^d.UG Uganda, 
ivi AP ARIPO Patent! GH Ghana. GM Gamb a, KE the Harare Protocol and of the PCT 
H ^Jif^VL'!''" „„d-„v other Stale which Is a Contracting St^^^ vt v,«Vh.tan. MD Republic of 





AP 


IB 


EA 




EP 



Z^ramVabwe. and any other Stale wmcn .s a ^""""-""^"^yKc Kyrgyrslan. KZ Kazakhstan. MD Republic 

JSS.,r;.5=: xYT»r— ; Ji. »^ - • ™' 

of the Eurasian Patent Convention and of the PCT and Liechtenstein. DE Germany. DK De"ma,1c. 

Convention and of the PCT 



a OA 



GA^ 

which is a 
on dotted line) 



'mVmber sJate of OAPI and a Contracting State 



treatment desired, specify on dotted liney. 



Nadonal Patent (if other kind of protection or treatnren. a.s.re.. ,g 



El 

IS 
IS 

la 

B 
Bl 
O 
B 
E! 

SI 

la 
la 

El 
B 
IS 
B 
SI 
IS 
Bl 

la 
la 

B 



AL Albania qj 

AM Armenia ^ 



AT 
AU 
AZ 
BA 
BB 
BG 
BR 
BY 
CA 



IS 



Austna 

Australia 

Azerbaijan 

Bosnia and Herzegovina 
Barbados q 
Bulgaria gj 



LT Lithuania 
LO Luxembourg 
LV Latvia 

MD Republic of Moldova 

™ MG Madagascar ' "^il " j" ' i,' 

§ MK -me former Yugoslav Republic of Macedonia 



Bradl 
Belarus 
Canada 



CH and LI Switzerland and Liechtenstein 
CN China Jlncl.ucU.n.g. Hon g. .Kong 



CU 
CZ 
DE 
DK 
EE 
ES 

n 

GB 
GE 
GH 



Cuba 



E) 

B) 
B 
B 
B 



Czech Republic / ^ 

B 

B 

B 

B 

B 

B 

SI 

B 

GM Gambia ^ 
GW Guinea-Bissau gj 



Germany . 

Denmark 

Estonia 

Spain 

Rnland 

United Kingdom 

Georgia 

Ghana 



NO 

NZ 

PL 

PT 

RO 

RU 

SD 

SE 

SG 

SI 

SK 

SL 

TJ 



HU 

ID 

IL 

IS 

JP 

KE 

KG 

KP 



Hungary 
Indonesia 
Israel . . . 
Iceland 
Japan .. 
Kenya . . 
Kyrgyistan 



B 
Bl 



B 

B 



UZ Uzbekistan 
VN Viet Nam 

-j-^.— ,„ vu YU Yugoslavia 

DemocraUc People's Republic of Korea .... g zw Zimbabwe 

Issuance of this sheet: 

□ ^ 



Bl KR Republic of Korea 

B) KZ Kazakhstan 

0 LC Saint Lucia 

(3 LK Sri Lanka 

El LR Uberia 



□ 
□ 




MN Mongolia 
MW Malawi .... 
MX Mexico . . . 
Norway 
New Zealand 
Poland 
Portugal 
Romania 

Russian Federation 
Sudan 
Sweden 
Singapore 
Slovenia 
Slovakia 
Sierra Leone 
Tajikistan 
TM Turkmenistan 
TR Turkey 

TT Trinidad and Tobago 
UA Ukraine 
UG Uganda 

US United States of America 



Sheet No. ...4. 

p^,j,,.VI PRlORrrY CLAIM Further priority claims are indicated in the Supplemental Box □ 

Th^ priority of the foilowing earlier appHcation(s) is hereby claimed : 



Country 
(in v;hicK or for whtcK the 
appli cation war filed) 

llem{l) 

AUSTRALIA 
]tcm(2r 



Filing Dale 
(day/monlh/year) 



06/03/97 



Application No. 



PO5508 



OfOceof fllina 
(only for regional or 
internattonal application) 



AU 



item (3) 

^licafionU the tectM,tOf,C€<af€e ma, be required). . . .. . 



(1) 



•MntOmce(afeemayl>ereqmrtaf. 

UoxNcVU ir fTERNATiONAL SEARCHING AUTHORITY 

Choice of International Searching Authorjt^^^^^^^^^^^ ISA L 

are content to carry out the internaiionalsearcK indicate ike AutHo^^^ ^ 

Earlier search Fill in ^here a search iinumational « on the Results of iL earlier search. Identify 
Country (or regional Office): Dale (day/monihfyear): 



BoxNo.VUI CHECK LIST 



This iniemaUonal application contains 
ihe following number of sheets: 

: 4 sheets 



1 . request 

2. description 

3. claims 

4. abstract 

5. drawings 



3 j^sheets 
5shcels 
Isheels 
^sheets 



Total 



TOsinternadondapplicaUon is accompany by the ltem^^^^^^ \>^\o. 
1 



□ separate signed 
power of attorney 

. I — I copy of Ecneral 
2' I I power of attorney 

- I — I statement explaining 
I I lack of signature 

A I — I priority documents) g. [ I other (specify): 

^' I I identified in Box No. VI 1 — I 

as itemis): 



5. fee calculation sheet 

— , separate Indications concerning 

6. I I deposited microorganisms 

, I — I nucleotide and/or amino acid 

7. I I sequence lisUng (diskette) 



Figure No. . 



4 7sheeis 

.u, .....;n,c rif .nv) should acco mpany the abstract when it is published^ 



Box No. K SIGNATURE OF AFPLICAKI OR AGENT ^^^^^^^ 

He. to e^h si,na.re. VuiicaU the name ^ tKe person .,nin , W the capacity in .H.H tke person (^ 

For and on behalf of 
Lutninis Pty Ltd 



Full Name 



Sarah Anne Robertson 



Pr^^ition Held; ^^^^^^^^ > 



Keli 



Paul Tremellen 



For receiving Office use only 



1 . Dale of actual receipt of the purported 
International appHcaUon: 



3. Corrected date of actual receipt due to later but 
timely received papers or drawings compleUng 
the purported International application: 



4. Dale of Umely receipt of the reguired 
corrections under PCT Article 1 1(2): 



5. Inlemational Searching Authority toA / 
sp«Hfied by the applicant: ' 



Dale of receipt of the record copy 
by the International Bureau: 



5, j— j Transmittd of search copy delayed 



until search fee i s paid 
For IntemaUonal Bureau use only 



FnrmPrr/RO/IOI flasl sheet) (January 1994; reprint January 1998) 



5« Hates to ihe request Jorm 



iTENT COOPERATION TREATY^ 

PCX 

INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCX Article 36 and Rule 70) 



Applicants or agent's file reference 
1103 PCX : PJW : JWH : HJB 



FOR FURXHER 
ACXION 



See Notification of Xransmittal of International Preliminary 
Examination Report (Form PCXAPEA/416). 



International application No. 
PCX/AU 98/00149 



International filing date (day/month/year) 
6 March 1998 



Priority Date (day/month/year) 
6 March 1997 



International Patent Classification (IPC) or national classification and IPC 
Int. Cl.*^ A61K 38/18, 39/00, GOIN 33/68 



Applicant 

(1) LUMINIS PTY LXD 

(2) ROBERXSON, S.A. at al 



Xhis international preliminary examination report has been prepared by this International Preliminary Examining 
Authority and is transmitted to the applicant according to Article 36. 

Xhis REPORX consists of a total of 4 sheets, including this cover sheet. 

[Kl Xhis report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have 
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority ( 
Rule 70.16 and Section 607 of the Administrative Instructions under the PCX). 

Xhese armexes consist of a total of ^ sheet(s). 



see 



3. Xhis report contains indications relating to the following items: 
Basis of the report 



I 




II 


□ 


III 


□ 


IV 


□ 


V 


m 


VI 


□ 


VII 




VIII 


□ 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 



Date of submission of the demand 


Date of completion of the report 
1 March 1999 


Name and mailing address of the IPEA/AU 

AUSXRALIAN PAXENX OFFICE 

PO BOX 200 

WODEN ACT 2606 

AUSTRALIA 

Facsimile No. (02) 6285 3929 


Authorized Officer 

JAYNE BRITON 

Xelephone No. (02) 6283 2246 



Form PCX/lPEA/409 (Cover sheet) (July 1998) cophin 



INTERNATIONAL PRl vlI^Y EXAMINATION REPORT 



malional application No. 
[vAU 98/00149 



Basis of the report 



1 With regard to the elements of the international application:* 
I — [ the international application as originally filed. 

[Y] the description, pages 1-31, as originally filed, 
pages , filed with the demand, 
pages , filed with the letter of . 

[X\ the claims, pages , as originally filed, 

pages 32-35, as amended (together with any statement) under Article 19, 
pages , filed with the demand, 

pages 41, filed with the letter of 29 January 1999. 
I I the drawings, pages , as originally filed, 

pages , filed with the demand, 
pages , filed with the letter of . 

I I the sequence listing part of the description: 

pages , as originally filed 
pages , filed with the demand 
pages , filed with the letter of 
' With regard to the language, all the elements marked above were available or furnished to this Authority in the language in 
which the international application was filed, unless otherwise indicated under this item. 
These elements were available or furnished to this Authority in the following language which is: 
Q the language of a translation furnished for the purposes of international search (under Rule 23.1(b)). 
I — I the language of publication of the international application (under Rule 48.3(b)). 

n the language of the translation furnished for the puiposes of international preliminary examination (under Rules 55.2 
and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, was on the basis of the 
sequence Hsting: 

I I contained in the international application in written form. 
I I filed together with the international application in computer readable form. 
I I furnished subsequently to this Authority in written form. 
I [ furnished subsequently to this Authority in computer readable form. 

Q The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in the 

international application as filed has been furnished. 
□ The statement that the information recorded in computer readable form is identical to the written sequence listing has 
been furnished 

4. Q The amendments have resulted in the cancellation of: 
I I the description, pages 
I I the claims, Nos. 
I I the drawings, sheets/fig 

5. n report has been established as if (some oO the amendments had not been made, since they have been considered 
— to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70 .2(c)).** 

Replacement sheets which have been fur nished to the receiving Offlce in response to an invitation under Article 14 ^^re referred to in this 

report as "originally fiied" and are not annexed to this report since they do not contain amendments (Rules 70. 16 and /y. I /). 
Any replacement sheet containing such amendments must be referred to under item I and annexed to this report _ 



Fonn PCT/IPEA/409 (Box I) (July 1998) cophin 



IM^flY EXAMINATION REPORT 



INTERNATIONAL PR .1M^« Y FXAMINA i iuin t^r^jis. i ^emational application No. 



CT/AU 98/00149 



Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; citations 
and explanations supporting such statement 



1 . Statement 

Novelty (N) 

Inventive step (IS) 



Claims 


1-48 


YES 


Claims 




NO 


Claims 


1-48 


YES 


Claims 




NO 


Claims 


1-48 


YES 


Claims 




NO 



2. 



Citations and explanations (Rule 70.7) 



Claims 1 to 48 are inventive and involve an inventive step because there is no prior teaching in the art to treat infertility 
by exposing a prospective mother to paternal antigens and TGFp or analogue. 



Form PCT/lPEA/409 (Box V) (July 1998) cophin 



INTERNATIONAL P. .IMM&RY EXAMINATION REPORT 



lb 



itemational application No. 
/AU 98/00149 



VII. Certain defects in the international application 



The following defects in the form or contents of the international application have been noted: 

Pages 36 to 40 are absent, because claim numbers 41 to 48 filed with letter on 29 January 1999, are on a page 
numbered 41. 



Form PCT/IPEA/409 (Box Vll) (July 1998) cophin 



TENT COOPERATION TREA 



From the: 

INTERNATIONAL PRELIMINARY EXAMINING AUTHORITY 



To: 

A PT. Patent and Trade Mark Attorneys 
GPO Box 772 
ADELAIDE SA 5000 



Applicant's or agent's file reference 
1103 PCT:PJW: LKD 



PCX 

WRITTEN OPINION 
(PCT Rule 66) 



Date of mailing 
day/month/year 



1 3 OCT 1998 



REPLY DUE 



within three months 

from the above date oF mailing 



International application No. 
PCT/AU 98/00149 



International filing date 
6 March 1998 



Priority Date 
6 March 1997 



International Patent Classification (IPC) or both national classification and IPC 
Int. CI/ A61K 38/18, 39/00, 601N 33/68 „ 



Applicant 

(1) 
(2) 



Luminis Pt>^ Ltd 
Robertson, S. A. et al 



1 . This written opinion is the first drawn by this International Preliminan' Examining Authority. 

2. This opinion contains indications relating to the following items:. 
Basis of the opinion 

Priority- 



Reasoned statement under Rule 66.2(aXii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 
Certain documents cited 



Certain observations on the intemational application 
The applicant is hereby invited to reply to this opinion. 

When? See the time limit indicated above. The applicant may, before the expiration of that time limit, request this Authority to 
grant an extension, see Rule 66.2(d). 

How? By submitting a written reply, accompanied, where appropriate, by amendments, according to Rule 66.3. 
For the form and the language of the amendments, see Rules 66.8 and 66.9. 

Also For an additional opportunity to submit amendments, see Rule 66.4. 

For the examiner's obligation to consider amendments and/or arguments, see Rule 66Abis. 
For an informal conununication with the examiner, see Rule 66.6. 

If no reply is filed, the intemational preliminary examination report will be established on the basis of this opinion. 

The final date by which the intemational preliminary examination report must be established 
according to Rule 69.2 is: 



I 




II 


□ 


III 


□ 


IV 


□ 


V 




VI 


□ 


VII 


□ 


VIII 


□ 



Name and mailing address of the IPEA/AU 


Authorized Officer 


AUSTRALLW PATENT OFFICE 
PO BOX 200 




WODEN ACT 2606 


JAYNE BRITON 


AUSTRALL^ 




Facsimile No. (02) 6285 3929 


Telephone No. (02) 6283 2246 



Form PCT/IPE A/408 (Cover sheet) (January 1994) IP Australia 



WRITl^N OPINION 



:emalional application No. 
PCT/AU 98/00149 



Basis of the opinion 



This opinion has been drawn on the basis of (Substitute sheets which have been furnished to the receiving Office in 
response to an invitation under Article 14 are referred to in this opinion as "originally filed".) : 

I I the international application as originally filed. 

[xj the description, pages 1-31, as originally filed, 

pages , filed with the demand, 
pages , filed with the letter of . 



X the claims, 



I I the drawings, 



Nos. , as originally filed, 

Nos- 1-48, as amended under Article 19, 

Nos, , filed with the demand, 

Nos. , filed with the letter of . 

sheets/fig , as originally filed, 
sheets/fig , filed with the demand, 
sheets/fig , filed with the letter of . 



2. The amendments have resulted in the cancellation of: 
I I the description, pages 
I I the claims, Nos. 
I I the drawings, sheets/fig 



3. 



I [ This opinion has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed, as indicated in the Supplemental Box (Rule 70.2(c)). 



4. Additional observations, if necessar>': 



Form PCT/IPE A/408 (Box I) (Januar>^ 1994) IP Australia 



WRITTEN OPINION 




^^fmational application No. 
PCT/AU 98/00149 


V. Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 


L Statement 






Novelt}- (N) 


Claims 17, 18, 45 and 48 

Claims 1 to 16, 19 to 44, 46 and 47 


YES 
NO 


Inventive step (IS) 


Claims 17,18,48 
Claims 1 to 16, 19 to 47 


YES 
NO 



Industrial applicability (lA) Claims 1-48 

Claims 



YES 
NO 



2. Citations and explanations 

Citations are referred to by number, in the same order in which they are cited in the International search Report. 
NOVELTY 

Claims 1 to 16, 19 to 44 are not novel in light of citations 4, 5 and 6. Citation 5 discloses that "TGF beta may by 
administered prior to the introduction of ovum, sperm or conceptus into the reproductive tract of a female mammal". 
(Column 6 line 56 to 66). Citation 5 further discloses that the administration may by simultaneous with, prior to, or 
following, this. Citation 5 teaches the administration of TUF beta to a female followed by the administration of a paternal 
antigen (ie sperm). Thus the teaching of the citation 5 falls within the scope of the claims. 

For similar reasons, the claims are not novel in light of citation 4. I note that your claim 28 defines "TGF beta or 
derivative or analog is a member of the TGF beta superfamily", and claim 29 w^hich defines activin. 

Claim 46 is not novel in light of citations 2, 3 or 5. For example, see citation 5, column 6 lines 7 to 26; or see citation 2, abstract 
conclusion; citation 3 abstract conclusion. Claim 47 is not novel in light of sperm and seminal fluid. Also not novel in light of 
citation 6. 

INVENTIVE STEP 



Claims 1 to 16, 19 to 44, 46 and 47 do not involve as inventive step for reasons give under novelt}'. 

Claim 45 does not involve as inventive step in light of citations 2 and 3. These citations teach that the TGF beta in seminal plasma 
is related to fertilit}' and "may immunologically protect the integrity of sperm". (Abstract) Knowing this, a person skilled in the art 
would be led to test the level of TGF beta in the sperm to diagnose infertility. Given that such assays are knowTi (eg citation 7), 
this claim does not define an inventive step. 



Form PCT/IPE A/408 (Box V) (Januar>' 1994) IP Australia 



"atent cooperation treat' 
PCX 
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POT 



INTERNATIONAL PRELIMINARY EXAMINATION REPORT 

(PCT Article 36 and Rule 70) 



Applicant's or agent's file reference 
1103 PCT: PJW : JWH : HJB 



FOR FURTHER 
ACTION 



See Notification of Transmittal of International Preliminary 
Examination Report (Form PCT/IPEA/416). 



International application No. 
PCT/AU 98/00149 



International filing date (day/month/year) 
6 March 1998 



Priority Date (day/month/year) 
6 March 1997 
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TREATMENT AND DIAGNOSIS OF INFERTILITY USING TGF0 OR ACOVIN 

FIELD OF THE INVENTION 

This invention relates to a diagnostic method for an infertility condition giving rise to 
5 reduced ability to have offspring and to a method of treating such a condition. 

BACKGROUND OF THE INVENTION 

An inability or reduced ability to have children can cause great personal distress and has 
a high attendant social cosu particularly in terms of the cost of medical intervention. A 

10 large proportion of couples fall into this category. In the USA, for example, it is said 
that some 10-15% of couples of reproductive age are unable to have children, whereas 
in the United Kingdom this is 14%. In 1995 it was calculated that 5.1 million women 
had impaired fertility in the USA alone, with this figure projected to increase to 5.9 
million by the year 2020 {56).ln the US, the cost of a pregnancy conceived by IVF 

15 varies between US$66,000 for the first cycle to US$1 14,000 by the sixth cycle (60). 

In the context of this patent an infertility condition is to be understood to relate not only 
the capacity to conceive but also to miscarriage, spontaneous abonion or other 
pregnancy related conditions, such as pre-eclampsia, and includes sub fertility. 

20 

Recent studies have revealed that a major proportion of infertile couples are childless 
because of a higher than normal rate of early embryonic loss (70% miscarriage v 21% 
miscarriage in feitile controls; 57), rather than an inability to conceive. These findings 
have initiated a search for reasons for the increased rate of early embryonic loss in 
25 inferule couples, as well as potential therapies to avert such losses. 

In the last 20 years or so some hope has been held out to infertile couples with the 
development of in vitro fertilisation (IVF) techniques. These IVF techniques generally 
take the form of stimulating the female to ovulate, contacting collected ova with sperm 
30 in vitro and introducing fertilised ova into the uterus. Muldple variations of this general 
process also exist. Despite considerable research and technical advances in the IVF 
field the rate of successful pregnancy following IVF treatment is sdll quite low and is in 
the order of 15 to 25% per cycle. 

35 Undertaking an IVF program often causes great anguish, especially when there is no 
resultant successful pregnancy. It is presently believed that the poor success rate in 
IVF treatment is due to an extraordinarily high rate of early embryonic loss (58, 59), 
possibly related to the padent's impaired reproductive state or the IVF process itself. 
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The low efficacy of IVF, together with its high cost and the associated psychological 
trauma from repeated treatment failures makes it desirable that alternative approaches to 
the problem of infertility are sought. Current methods of increasing pregnancy rates 
during IVF treatment include placing multiple embryos (2-5) into the uterine cavity, but 
5 this is not always effective since uterine receptivity is believed to be at fault at least as 
commonly as embryonic viability. Furthermore, the ensuing high rates of multiple 
pregnancy are associated with an increased maternal risk of pre-eclampsia, 
haemorrhage and operative delivery, and fetal risks including pre-term delivery with the 
attendant possibility of physical and mental handicap. 

10 

Similarly, early pregnancy loss is a major constraint in breeding programs for livestock 
and rare or threatened species. Embryonic mortality during the pre- and per- 
implantation period is viewed as the major reason for poor pregnancy outcome when 
assisted reproductive technologies such as artificial insemination are used. Even 
15 following natural mating, variability in litter size and in the viability of offspring are 
additional limitations with serious economic implications. 

The reasons for increased rates of eady embryonic loss following natural and assisted 
conception remain unknown. Chromosomal studies on miscarried embryos have 

20 confirmed that at least half of these embryos are genetically normal (61 ). Normal 

embryos appear to be lost primarily because the environment provided by the maternal 
tract during pre-implantation development or at the time of implantation into the 
endometrium is insufficient to nurture their growth and development. Embryos may 
lose viability or developmental potential if the maternal tract milieu comprises 

25 inappropriate or insufficient nutrients or peptide growth factors. Moreover, a primary 
determinant of uterine receptivity is provided by the maternal immune response to the 
conceptus, which is perceived as foreign or semi-allogeneic due to expression of both 
maternal and paternal antigens. 

30 Medawar originally hypothesised that maternal immune accommodation of the semi- 
allogeneic conceptus may be facilitated by immunological tolerance to paternal 
transplantation antigens (major histocompatibility [MHC] antigens) (70). This 
hypothesis lost favour when it was found that pregnancy does not permanently alter the 
capacity of mice to reject paternal skin grafts (5, 46). However, the concept of 

35 transient hyporesponsiveness to paternal MHC antigens (46) is now receiving renewed 
attention, as a recent study by Tafuri et al (31) has provided clear evidence to show that 
during murine pregnancy, T-lymphocytes reactive with paternal class I MHC become 
^anergic', or unable to recognise antigen due to intemalisation of T-cell receptors. This 
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anergic state conferred 'tolerance' to paternal MHC antigen-expressing tumor ceUs, and 
was functionally operative from as early as implantation (day 4 of pregnancy) and 
lasted until shortiy after parturition when lymphocytes regained their reactivity. The 
data support the hypothesis that a permissive maternal immune response to other 
5 antigens expressed on tiie embryo, or tiie fetal-placental unit (hereafter referred to as tiie 
conceptus) may similarly be due to induction of a tolerant immune response specific to 
those antigens. 

Just precisely what is responsible for inducing this tolerance of paternal MHC antigens 
10 and other conceptus antigens has heretofore been unclear. Additionally the nature of 
the tolerance was unclear. 

The term tolerance in the context of this invention is mken to mean inhibition of the 
potentially desuoictive cell-mediated immune response against conceptus antigens, 

15 and/or inhibition of synthesis of conceptus antigen-reactive immunoglobulin of 
complement-fixing isotypes (for example the 'Thl' compartment of the immune 
response). This tolerance may or may not be associated with induction of synthesis of 
non-desuiictive, conceptus antigen-reactive immunoglobulin of the non-complemeni- 
nxing isotypes and subclasses (for example the 'Th2' compartment of the immune 

20 response). The term tolerance should be taken to encompass T ceU anergy and other 
permanent or transient forms of hypo-responsiveness or suppression of the maternal 
Thl compartmenL 

Tafuri ei al (31) have shown that paternal antigen-specific tolerance is active by the 
25 onset of blastocyst implantation on day 4 of pregnancy in mice. The pre-implanuiuon 
embryo is a poor antigenic stimulus since it usually comprises fewer than 100 cells and 
is enveloped by a protective coat (zona pelluicida) until just before implantation. Semen 
however is richly endowed with paternal antigens present on and within sperm, somatic 
cells and the seminal plasma itself, and comprises an effective priming inoculum for 
30 many paternal antigens (5) known to be shared by the conceptus. Up until now 

seminal plasma has been conventionally thought to function primarily as a transport and 
survival medium for spermatozoa traversing the female reproductive tract (21). The 
recent studies described by the inventors in this specification have highlighted a hitherto 
unappreciated role for this fluid in interacting witii maternal ceUs to induce a cascade of 
35 ceUular and molecular events which ultimately lead to maternal immune tolerance to 
paternal antigens presem in semen and shared by the conceptus, thereby abrogating 
immune rejection during implantation. 
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Ejaculation during coitus provokes a leukocyte infiltrate at the site of semen deposition 
termed the 'leukocytic ceU reaction' in a variety of mammalian species, including man 
(1). In mice, the cascade of ceUular and molecular changes initiated by the introduction 
of semen into the uterus, in many respects, resembles a classic inflammatory response. 

5 WiUiin hours after mating, a striking influx and activation of macrophages, neutrophils, 
and eosinophils occurs in the endomeuial stroma (2-4), in association with upregulated 
expression of major histocompatibility complex (MHC) class II and CD86 antigens by 
endometrial dendritic cells, foUowed by enlargement of draining lymph nodes (5.6). 
This inflammatory response is tfansientand fully dissipates by die time of embryo 

10 implantation on day 4 of pregnancy (2-4), when leukocytes persisting in the 

endometrium aie predominantly macrophages witii an immunosuppressive phenotype 

(7). 

The temporal changes in u-afficking and phenoiypic behaviour of endometrial 
1 5 leukocytes during tiie period between mating and implantation are likely to be 
orchestrated principally by cytokines emanating from steroid hormone regulated 
epithelial ceUs lining die endometrial surface and comprising tiie endometrial glands (8). 
Of particular impoitance are granulocyte-macrophage colony-stimulating factor (GM- 
CSF) and interieukin-(IL)-6. the synthesis of which are upregulated at least 20-fold and 
20 200-fold respectively in esu-ogen primed epithelial cells following induction by specific 
proteinaceous factors in seminal plasma (8,9) known to be derived from die seminal 
vesicle gland (10). Previous studies have implicated the surge in epithelial GM-CSF 
release as a key mediator in the post-mating inflammatory response since injection of 
recombinant GM-CSF into the estrous uterus is sufficient to produce cellular changes 
25 resembling Uiosc seen following natural mating ( 1 1 ). The inventors have found, using 
GM-CSF deficient mice, tiiat the chemoiactic activity of GM-CSF is likely to be 
compensated or augmented by an array of chemokines, die expression of which are 
u-ansiendy upregulated after mating (12). and cytokines syndiesised by activated 
endomeu-ial macrophages including IL-1 and tumour necrosis factor-a (TNF-a)(4). 

30 

The present inventors have investigated the nature of the seminal factor which acts to 
stimulate GM-CSF release from the uterine epithelium. Previous experiments have 
shown that die increase in uterine GM-CSF content is neither the result of introduction 
of GM-CSF contained within die ejaculate, nor a consequence of a neuroendocrine 
35 response to cervical stimulation, and is independent bodi of die presence of sperm in 
die ejaculate and MHC disparity between die male and female (8). A mechanism 
involving induction of GM-CSF mRNA syndiesis in epidielial cells by proteinaceous 
factors derived from die seminal vesicle was suggested by experiments showing diat 
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seminal vesicle-deficient (SV-) males did not evoke GM-CSF release or a post-mating 
inflammation-like response in females, and that trypsin-sensitive, high molecular 
weight material extracted from the seminal vesicle could upregulate GM-CSF release 
from uterine epithelial cells in vitro (10). 

^ It has, however, not been clear from previously published work that this inflammatory 
response is related to the induction of tolerance by the mother to the conceptus, or 
alternatively whether the inflammatoiy response has a role in enhancing the immune 
system to combat the influx of foreign matter such as potenual pathogenic bacteria is 

10 not clear. Nor is there any indication as to what the trigger for the induction of 
tolerance is or indeed that tolerance is mediated by semen. 

One known relevant prior art document is United Slates patent specification 5395825 
by Feinberg. This specification discloses a finding that suggests that elevated TGPP m 

1 5 the female reproductive tfact can facUitate production of fibronecun. a protein 
hypothesised to assist implantation by promoting adhesion of the embryo to the 
endometrial surface. The half life of TGFp is only a few minutes and its effect on 
fibronectin is very short term. Therefore the adminisu-ation of TGFp in the above 
method can only be contemplated to assist implantation if delivered at precisely the time 

20 at which the pre-implantation embryo arrives in the uterine cavity. The present 
invenuon does not require such temporal precision in TGFP deliveiy. nor does it 
purport that the effect of TGPP is mediated through fibronectin. 

SUMMARY OF THE INVENTION 
25 The inventors have identified TGF-P as a principal immune regulatory molecule within 
seminal plasma. TGFP produced in the latent form in the seminal vesicle gland is 
activated within the female reproductive tract where it acts to induce GM-CSF synthesis 
in uterine epitheUal cells, thereby initiating the posi-coital inflammatory response. 

30 Additionally the inventoi-s have shown that TGFP, when administered to the female 
reproductive tract together with sperm or semen, can elicit tolerance towards male 
antigens, including paternal MHC class I antigens. This state of tolerance is evidenced 
by inhibition of Thl-type immune responses to paternal antigens, mcludmg delayed- 
type hypersensitivity (DTH) responses primed by a previous injection with sperm. 

35 production of complement-fixing isotypes of immunoglobulin specific for sperm, and 
cell-mediated immune rejection of tumor cells bearing Uie same MHC class I anttgens as 
contained in tiie priming sperm inoculum. It is proposed tiiat this tolerance might be 
achieved by exposure of the female to TGFP either with or without male antigen. 
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The significance of this is that it is highly likely that certain infertility conditions wiU be 
related to the incapacity to produce tolerance to antigens of the male and/or to provide a 
suitable cytokine environment for growth and development of the pre-implantation 
embryo, as a result of either a lack of TGPP in the seminal fluid of the male, an 
incapacity of the female to process the TGPP from an inactive to an active form, or an 
absence or low levels of paternal antigens in the ejaculate. In some instances infertility 
may be due to the inability of the female to respond to TGPp, in which case direct 
appUcation of molecules induced by TCPp, such as GM-CSP, may be warranted. 



The TGP-pi content of murine seminal vesicle secretions, like that of human seminal 
plasma (22), was found to be extfaordinaiily high and second only to that reported for 
platelet distillate (23). In mammalian species theTGF-P family comprises ai least three 
closely related polypeptides. TGP-Pi, -P2 and -P3 (24). which exhibit 70-80 % 
15 sequence homology and share many biological actions. TGPP, is the dominant TGFp 
isotype responsible for increasing murine uterine GM-CSP output, since TGPP,- 
specific neuu-alising antibody is now found to have the abUity to block 85% of seminal 
vesicle GM-CSP stimulating activity (Pigure 2). Other members of the TGPp 
superfamUy, such as TGPp. and activin. have also now been identified as capable of 
20 eliciting an increase in uterine GM-CSP output (Pigure 4). These additional members of 
the TGF-P family, complexed with other earner proteins such as the 250-300 kDa 
binding protein bctaglycan (25) may account for the higher molecular weight activity 
present in murine seminal vesicle fluid and human seminal plasma (22). 

25 The synthesis of TGPP as a latent complex is believed to have a stabilising effect (26) 
and focus its activity at the target site by binding to extracellular matrix (27). Evidence 
for a uterine mechanism for activation of latent TGP-p was provided by the present 
finding that in contrast to activity in the seminal vesicle, the majority of the TGPpi 
found in the uterine luminal fluid after mating was in the acuve form (Pigure 5). 

30 Plasmin or other proteolytic enzymes derived from uterine cells or the male accessory 
glands (28. 29, 47) may contribute to the activation of TGPP after ejaculation. 

The proposal that components of the ejaculate can indirecdy contribute to pregnancy 
success is supported by experiments in accessory gland-deficient mice (36, 37) and the 
35 finding that poor pregnancy outcome and dysregulated fetal and/or placental growth 

after embryo nansfer or during fii^t pregnancy in various livestock species (38-40) can 
be partially ameliorated by prior exposure to semen (41, 42). Likewise, studies in 
humans now clearly identify lack of exposure to semen due to limited sexual 
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experience, use of barrier methods of contraception, or in IVF pregnancies with 
increased risk of implantation faUure, spontaneous abortion and pre-eclampsia (43-45). 

In a broad form the invention could be said to reside in a method of treating an 
5 infertility condition in a human or mammal by exposure of the prospective mother to 
TGFP or an effective derivative or analog thereof before attempted conception to elicit a 
transient hyporesponsive immune reaction to one or more antigen of a prospective 
father to tiiereby alleviate symptoms of the infertility condition. 

10 In another broad form the invention could be said to reside in a method of treating an 
infertility condition in a human or mammal by exposure of a prospective motiier to one 
or more antigens of a prospective father and to TGFp or an effective derivative or 
analog thereof before attempted conception to elicit a transient hyporesponsive immune 
reaction to said one or morc antigen to thereby alleviate symptoms of die infenUiiy 

15 condition. 

Preferably a mucosal surface of the prospective mother is exposed to the antigen, and 
more preferably the mucosal surface is the genital mucosal surface, however, it is 
feasible that exposure at otiier mucosal surfaces can give rise to the u-ansient paternal 

20 antigen tolerance. There are two basic reasons that this might be the case, firstly it is 
known that tolerance to external antigens can be elicited at mucosal surfaces, tiius it is 
known that women that are exposed to seminal fluid orally show evidence of reduced 
pre eclampsia effects to MHC antigens of the male partner (48). Thus the exposure 
could be oral, respiratory, gastrointestinal or genital. For example the surface antigen 

25 and TGFP may be presented as an oral or na.sal spray, or as a rectal or vaginal gel. 
Such a gel might for example be a gel such as used in die vaginal gel sold under the 
brand name PROSTIN (Upjohn Ply Lid). Aliematively it might be desired to take the 
TGFp and die surface antigen in a form that gives exposure lo the small and perhaps 
large intestines, such as perhaps contained in a gelatin capsule. 

30 

Whilst a mucosal exposure may be preferred because it is likely to give rise to a 
u-ansient tolerant immune reaction, it may also be feasible to provide for another route 
of exposure. Thus the surface antigen and TGFp may be injected for systemic contact 

35 It may be desirable to deliver die TGPP and the antigen together, for example where die 
two are combined in a gel, or spray, alternatively, it might be desirable to provide a 
source of TGFp at the mucosal surface of interest, which might be die genital tract, and 
the antigen could subsequently be deposited onto the mucosal surface. It is also not yet 
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clear whether the TGpp needs to be present at the same time as the antigen is present, 
although it is believed to be preferable, however, it is proposed that it may be possible 
to have a delay between the delivery of the TGFp and the surface antigen. Thus an 
alternative would be to deposit the antigen first perhaps as an ejaculate and then deliver 
5 the TGFp as a pessary after intercourse. 

The nature of the relevant surface antigens is not entirely clear, but will presumably be 
those that are particularly antigenic and prominent either on the sperm, or on the 
conceptus. The most likely candidates are MHC antigens, and more preferably MHC 

10 class 1. The most efficient manner of presenting these antigens is in the form that they 
are naturally present - on any appropriate cell of the intended male parent that expresses 
them and those cells would include sperm cells and may include leukocytes. The 
antigens may also be presented in biological fluids such as seminal plasma which is 
known to carry certain male antigens (49). This use of cells other than sperm cells will 

15 be pertinent where the sperm count of the prospective father is somewhat low. The use 
of cells other than sperm cells may be preferred where a non-genital route is used. 
Alternatively the antigens may be presented in purified or semi-purified form, which 
may or may not be presented on inert or adjuvant carriers, thus for example it may be 
presented in the caniers known as ISCOMS. This latter approach however is likely to 

20 be more technically complex and expensive. It is additionally possible that the antigens 
may be encoded within sperm cells in the form of mRN A (or other nucleic acid) and 
this RNA message is then expressed by maternal genital u-act cells. It may be that 
TGFP therefore plays a role in promoting the events leading to presentation of paternal 
antigen to maternal lymphocytes through activating genital u-act antigen presenting cells 

25 to take up and u*anslate sperm mRNA. 

The level of TGF p may be varied, and will vary depending upon which species is 
being treated. For humans the level of TGFp will preferably be greater than 50 ng/ml 
with a total dose of 150ng/ml and more preferably at a concentration of between 100 
30 and 400ng/ml with a total dose of between 100 to 2000ng. The level of TGFp in 

normal male semen is in the order of 200ng/ml. This level can be judged empiricaUy 
when assessing other animals, and thus for horses or cattle the preferred level is 
expected to be in the order of lOOng/ml. These levels may vary if the TGPP is supplied 
in a slow release depot, perhaps as a patch or as a gel or latent TGFP complex. 



35 



The level of exposure to surface antigens may vary, in a prefened form the exposure 
will be to the prospective mother's genital tract in the form of the prospective fadier's 
ejaculate, and the level of exposure will be determined by the cell count and antigenic 
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density on the surface of such cells. Where ceUs are administered other than in the 
above manner, a similar number of ceUs might be used, however, the most effective 
manner may be determined empiricaUy. It is diough that an exposure of leukocytes in 
the order of 10^ - lO^ceUs might be die appropriate level of exposure to a mucosal 
5 surface. 

The specificity of TGFp to be co-administered with the male antigens is at present not 
entirely clear, and because TGFPi is thought to be responsible whereas TGFP2,3 are 
less important, it is more likely that TGPPi is to be used. It wUl however also be 

10 understood that various modification might be made to TGFpi or indeed TGFP2, or 
TGFP3 which could be effective in eliciung an effective transient tolerant immune 
reaction either separately or in combination with another agent. Such modified TOPP's 
might include subsutution, deleuon or addition mutants, and might include peptide 
fragments, which may or may not be incorporated into another protein to make a 

15 recombinant protein. Alternatively other members of the TGFP superfamily may also 
be used or used as a starung point to developing an analog of the TGPP activity, one 
such member is known as activin. 

Where unmodified TGFp is used it wiU preferably be administered as TGFpi- The 
20 TGFpi may be administered in its active form, however, where the prospective mother 
is capable of activating TGPPi it may also be administered in its precursor form. An 
alternative "delivery" option would be natural TGPP such as in the form of platelets. 
Thus instead of purified TGFp a preparation of platelets or other source rich in natural 
TGFp, such as milk or colostrum, may be used. 

The exposure is preferably a multiple exposure. The multiple exposure is preferably 
performed over a period of at least Uirce months. wiOi the mucosal surface being 
exposed to TGFP during each exposure to the prospective father's antigens. This 
period of time could however be somewhat reduced, and it may be possible to achieve 

30 improvement with one exposure but as a minimum it is anticipated that exposure would 
be at least one week before conception is attempted. It may also be prefen-ed that non- 
barrier contraceptive measures be taken prior to the planned conception, where the 
antigens are associated with sperm cells and these are administet^ to the genital tract, 
so tiiat there is some certainty of a period of exposure to die prospective fatiier's 

35 antigens before conception. This is particulaily the case where die fertUity condition is 
of die type where conception takes place but either miscarriage, spontaneous abortion 
or pre-eclampsia occurs after conception. 
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It is also envisaged that the administration of TGFp in the presence or absence of the at 
least one surface antigen may need to continue past the prospective date of conception 
perhaps for the first 1 2 weeks of pregnancy. 

5 In an alternative form the invention could be said to reside in a method of diagnosing an 
infertility condition in males by testing the level of TGPP in seminal fluid. 

Greater than 70% of the TGF-pi in seminal vesicles exists in the latent form. The 
infertiUty condition might therefore not be due to a lack of TGpp in the semen of the 

1 0 male partner but it may be that the female cannot process the inactive form of the 

TGFp. The invention could therefore also be said to include the method of exposing 
inactive form of TGFp to the genital uact of a female and testing for her capacity to 
convert the inactive form of TGFp to active TGPp. If this is found to be the case, the 
meUiod of treating the fertility condition will include administration of active TGFP, or 

1 5 alternatively a compound capable of activating TGFp can be administered, such as 
plasmin, so as to increase the level of active TGFp. 

In a preferred form tiie metiiod of u^eating infertility will first include the step or 
diagnosing or testing whether the male has adequate levels of TGFp or the female has 
20 Uie capacity to activate TGFp, or alternatively whether anti-spenn antibodies exist. 

The use of Uie present invention may be used in conjunction witii IVF u-eatment. 
whereby die transient tolerant immune response is elicited before u-ansfer of the 
conceptus or gametes is attempted. It is expected however that where the infertility 
25 condition is caused as a result of reduced TGFP level in semen, or capacity to activate 
TGFp, it is likely that the trauma of IVF u^auncni may not be needed and tiiat a 
'natural' conception may be possible in its place. 

It wiU be understood that tiiis invention is not necessarily limited to humans, but may 
30 also extend to treatment of other mammals including livestock species. 

Some specific disorders or procedures that may benefit from the present invention are 
now discussed to some degree. 

35 Recurrent miscarriage. It is knovra that approximately 2 -5 % of couples are 
involuntarily chadless due to recurrent miscarriage. The aetiology of recurrent 
miscarriage is complex, but in the vast majority of cases no chromosomal, hormonal 
nor anatomical defect can be found and an immunological lesion is impUcated. A 
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variety of therapies which attempt to modify the mother's immune response to the 
semi-allogeneic conceptus have been trialed with variable success. The predominant 
therapeutic approach over the past 20 years has been to inject women with paternal 
leucocytes in the hope of achieving 'tolerance' to paternal antigens. This therapy has 
5 had limited success with a meta-analysis of 15 trials concluding that paternal leucocyte 
immunisation can increase pregnancy rates by 8 - 10 % (51). 

Coulam &. Stem (52) have administered seminal plasma from a pooled donor source to 
the genital tract of women with recurrent miscarriage and were able to produce a non- 
10 statistically significant increase in live birth rales (60%v 48 %, p=0.29 n= 86). This 

treatment differs significanUy from a preferred therapeutic regime in that seminal plasma 
was administered in the absence of paternal antigen. It is not surprising that the 
success of this therapy was limited, since no paternal antigen was administered. 

1 5 The data supporting the present invention provide encouraging resulLs which indicate 
tiiat TGPP may be a beneficial ueatment for recurrent miscarriage because of its potent 
immune modulating capacity. It is expected that administration of sperm in 
combination with TGpp will help produce a tolerant or 'nurturing' immune response to 
a future conceptus which would shaie some of the same MHC class I or other antigens. 

20 

Adjunct to IVF treatment. It is cun^ndy believed that premenstfual pregnancy wastage 
produces a significant negative contribution to IVF success rates. One theoiy for this 
increased early pregnancy loss is tiiat IVF is an unnatural" process that separates the 
act of intercourse from conception. This would mean Uiat IVF recipients may not be 

25 exposed to seminal plasma and it's associated antigens early in pregnancy. Several 
animal studies and human investigations, including the randomi.sed control uial 
described herein, have suggested that exposure of the female genital tract to semen at 
the initiation of a pregnancy, as well as prior to a pregnancy, is beneficial to subsequent 
pregnancy outcome. It is proposed that tiiere will be some benefit derived from giving 

30 women exogenous TGFp in combination wiUi partner' s sperm/leucocytes at or near die 
time of embryo transfer, especially if die parmer's seminal plasma TGpp content is low 
or sperm numbers arc low. 

Anti-sperm antibody therapy. A significant proportion of infertility is due to tiie 
35 presence of anti-spenn antibodies in eitiier the male or female partner (53). Seminal 
plasma has been shown to suppress the formation of anti-sperm antibodies in die 
female serum and genital tract secretions of die mouse. One of the active agents widiin 
seminal plasma responsible for suppressing maternal production of potentially 
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damaging, complement-fixing isotypes or subclasses of immunoglobulin specific for 
sperm antigens has been identified as TGpp. It is expected that the present invention 
may, in at least some instances, block anti-sperm antibody formation. The relationship 
between maternal anti-sperm antibody formation in women and their partner's seminal 

5 plasma TGFp concentration will be investigated to confirm this. Current therapies for 
anti-sperm antibodies are not sufficiently effective (for example oral steroids or the 
prolonged use of barrier conu-aception) or require expensive assisted reproduction 
therapy. It is proposed that administration of a TGpp-containing pessary following 
intercourse will abrogate this anti-sperm antibody response and enable natural 

10 pregnancy to ensue. 

Pre-eclampsia and lUGR prophylaxis. Pre-eclampsia and some forms of intra-uterine 
growth restriction (lUGR) are believed to be an immunological disorder due to 
^shallow' placentation resulting from a damaging, Thl-type immune attack on the 

1 5 invasive trophoblast. There is epidemiological evidence showing that repeated 

exposure of a woman to her partner's antigens through intercourse in the absence of 
barrier contraception decreases her chances of developing pre-eclampsia in a 
subsequent pregnancy to that partner (54, 55). This may be brought about by the 
generation of maternal 'tolerance' towards paternal antigens as a consequence of 

20 repeated exposure at intercourse, which faciUtates placental growth and invasion of the 
maternal decidua. Some women have a propensity to develop pre-eclampsia or to 
suffer fetal growth restriction every time they become pregnant. This may be due to 
inadequate TGpp content of their partner's semen, or an inability to process latent 
TGFp into a biologically active form. 

25 

Priming with parmer^s antigens in combination with TGPp before conception and 
perhaps until 3 months of pregnancy, by which time placental invasion is complete, 
may help prevent the development of pre-eclampsia and lUGR in these high risk 
women. 

30 

Prospective analysis of stud animal fertility in livestock breeding industries. VariabUity 
in the productivity of stud males is a major constraint in pig, cattle, sheep and other 
livestock breeding programs. In many species there are substantial differences between 
studs, particulariy in the pre-implantauon mortality of embryos sired, even within a 
35 given herd. CurrenUy, reliable estimation of the fertiUty and fecundity of a stud male is 
only possible after documentation of the outcome of multiple pregnancies. 
Measurement of the TGFp content of seminal plasma of potential studs, for example by 
simple enzyme-linked immunosorbent assay, is likely to be an effective tool in livestock 
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breeding management. Such measurements may need to be taken over the course of 
some weeks and could be made in conjunction with measurements of other factors 
known to inhibit the action of TGFp, such as interferon-y. 

5 Optimisation of pregnancy outcome in livestock breeding industries. A primary 

determinant of the productivity of livestock breeding programs, particularly in species 
such as die pig where Utters are large, is variability in the litter size and weight of 
offspring. As detailed above, these parameters are believed to be influenced largely by 
the extent to which the mother's immune response is 'tolerised' to paternal antigens 

10 shared by the conceptus. Pregnancy outcome is often further compromised where the 
pregnancy is initiated by artificial insemination, particularly when artificial semen 
extenders, as opposed to seminal plasma, are employed as the carrier. Since the 
frequency of mating between breeding females and studs is often limited, and 
variability in the seminal plasma TGFp content between males is probable, pregnancy 

1 5 outcome is likely to benefit from exogenous administration of TGFp in many livestock 
species. TGPP could be given prior to. or at the inidalion of a naturally-sired 
pregnancy, or at the time of artificial inseminauon. 



20 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 . Sephacryl S-400 size exclusion chromatography of (-4) GM-CSF 

stimulaung activity and (fi) TGF-P immunoactivily in murine seminal 
vesicle fluid. In A. uterine epidielial ccUs from estfous mice were 
incubated for 16 h with unu-eated (o, = active TGF-P) or acid 
25 activated (• = active + latent TGF-|5) fractions of seminal vesicle 

fluid. After a furUier 24 h culture, the GM-CSF content of 
supematants was determined by FD 5/12 bioassay. Values arc means 
of Uiplicate cultures and die horizontal dashed line is GM-CSF 
production by epithelial cells cultured with DMEM-FCS alone. In B, 
30 the content of immunoactive TGF-p l (•) in fractions of seminal 

vesicle fluid was determined by ELIS A. TGF-p bioacrivity was 
detected by Mv- 1-Lu cell bioassay. Fractions depicted by the hatched 
area contained > 300 pg / ml, and odier fractions contained < 50 pg 
/ml. Data is representative of similar results obtained from three 
35 replicate experiments. 

Figure 2. The effect of neutralising antibodies specific for TGF-Pi ,2,3 and 

TGF-pi on GM-CSF stimulating activity in murine seminal vesicle 
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fluid. Uterine epithelial cells from estrous mice were incubated for 16 
h with 2% crude seminal vesicle fluid or DMEM-FCS alone, in the 
presence or absence of mouse anti-bovine TGF-Pi,2,3 (20 |lg / ml) 
or chicken anU-bovine TGF-Pi (10 / ml). After a further 24 h 
5 culture, the GM-CSF content of supematants was determined by FD 

5/12 bioassay. Values are mean + SD of triplicate cultures. Data is 
representative of similar results obtained from three replicate 
experiments. 

10 Figure 3. The effect of TGF-Pi on GM-CSF production by uterine epithelial 

cells in vitro. Uterine epithelial cells from estrous mice were 
incubated for 16 h with 0.08 - 80 ng / ml recombinant human TGF- 
Pl, After a further 24 h culture, the GM-CSF content of supematants 
was determined by FD 5/12 bioassay. The mean ± SD of triplicate 

15 wells is shown. Data is representative of similar results obtained 

from four replicate experiments. 

Figure 4. The effect of TGF-p2, activin and inhibin on GM-CSF production by 
uterine epithelial cells in vitro. Uterine epithelial cells from estrous 

20 mice were incubated for 16 h with 0.05 - 50 ng / ml recombinant 

human TGF-Pi, porcine TGFpa, or human recombinant activin and 
inhibin. After a further 24 h culture, the GM-CSF content of 
supematants was determined by FD 5/12 bioassay. The mean ± SD 
of triplicate wells is shown. Data is representative of similar results 

25 obtained from two replicate experiments. 

Figure 5. The effect of seminal composition on the TGF-pi content of uterine 
luminal fluid after mating. TGF-pi immunoactivity was determined 
by ELISA in untreated (o = active TGF-p) or acid activated (• = 

30 active + latent TGF-P) uterine luminal fluids collected from estrous 

mice, or from mice 1 h after mating with intact, vasectomized (vas) or 
seminal vesicle deficient (SV-) males. Symbols represent data from 
individual mice and median values for treatment groups are scored. 
Data were compared by Kmskal-WalUs one way ANOV A and Mann 

35 Whitney Rank Sum test Data sets labelled on the x-axis wiUi 

different lower case letters denote statistical significance between 
treatment groups (p < 0.01). 
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Figure 6. The effect of intra-uterine TGF-{3 1 on the GM-CSF content of uterine 
luminal fluid. Fluids were collected 16 h after natural mating with 
intact males, or after administration of 0.4 - 40 ng recombinant 

5 human TGF-pi in 50 ^il PBS / 1% BSA, or vehicle only, to the 

uterine luminal cavity of estrous mice. Symbols represent data from 
individual mice and median values for treatment groups are scored. 
Data were compared by Kruskal-Wallis one way ANOV A and Mann 
Whimey Rank Sum test Data sets labelled on the x-axis with 

10 different lower case letters denote statistical significance between 

treatment groups (p < 0.01). 

Figure 7. The effect of rTGFPi and semen on GM-CSF output from human 
reproductive tract epithelial cells. The GM-CSF content of culture 
15 supernatants collected from (A) cervical keratinocytes and (B) 

endometrial cell cultures was determined by commercial ELISA, 12 
hours after the addition of dilute whole semen (10% vol/vol) or 10 
ng/ml rTGFpi- 

20 Figure 8. The effect of intra-uterine priming with sperm and TGFP on induction 

of Thl-type immunity. Balb/c Fl female mice were immunised by 
intra-uterine infusion with CB A sperm in the presence of absence of 
lOng rTGFPi- Additional groups of uterine-ligated mice were mated 
naturally with CB A males, or were given sub-cutaneous 

25 immunisations with sperm in complete Freund's adjuvant. Ten days 

later mice were assessed for DTH to sperm antigens, or serum 
content of anti-sperm IgG2b immunoglobulin. Data was compared by 
Kruskal-Wallis one way ANOVA, followed by Mann Whitney rank 
sum test with different superscripts indicating significant differences 

30 (p < 0.05). 

Figure. 9. Effect of prior immunisation with sperm and TGFP on fetal and 

placental weights during subsequent pregnancy in mice. Balb/cFl 
female mice were immunised by intra-uterine infusion with CB A 
35 sperm in the presence Gt rTGFPi), and were mated naturally with 

CBA males 2 weeks later. Females were sacrificed on day 17 of 
pregnancy and fetal (A) and placental weights (B) were determined. 
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Comparisons between groups were made according to the number of 
viable feial-placental units per uterine horn, by Kruskal WalUs one- 
way ANOVA followed by Mann Whimey rank sum test (p < 0.05). 

5 DETAILED DESCRIPTION OF THE INVENTION 

MATERIALS AND METHODS 

Cell Lines, Media, Cytokines and Antibodies. 

10 RPMI- 1 640 and low glucose Dulbecco's modified Eagle" medium (DMEM, GIBCO) 
were supplemented with 10% fetal calf serum (CSL). 20 mM HEPES pH 7.2, 5 xlO-5 
M p-mercaptoethanol, 2 mM L-glutamine and antibiotics (RPMI-FCS and DMEM- 
FCS). FD5/12 cells (14). 3T3 fibroblasts, and IR-5 Balb/c fibrosarcoma cells were 
cultured in RPMI-FCS and mink lung cells [Mv-l-Lu. CCL-64] and uterine cpitheUal 

15 cells were cultured in DMEM-FCS. Human ectocervical cells were cultured in 70% 
DMEM. 20% Hams F-12 (Gibco), 9% FCS, 1% Neutridoma -SP (Boehringer 
Mannheim), and 0.4 \ig I ml hydrocortisone (Upjohn, Rydalmere, NSW) (ECM-FCS), 
and human endomeu-ial cells were cultured in DMEM-FCS. 

Recombinant human (rh)TGF-Pi was from R&D Systems, recombinant murine GM- 
20 CSF was provided by N. Nicola, The Walter and Eliza Hall Institute for Cancer 

Research, and recombinant human activin and inhibin were provided by J. Findlay, 
Prince Henry's Institute for Medical Research. Monoclonal antibodies (mAb) used for 
immunohistochemistry were anti-CD45 (TIB 122), anti-Mac- 1 (CDl lb, TIB 128). 
anti-MHC class H (la antigen, TIB 120; all from ATCC), F4/80 (15). and RB6-6C5 
25 (16). Mouse anti-bovine TGF-Pi.2.3 mAb (which ncutfalizes all three mammalian 

TGF-p isoforms) was from Genzyme (Cambridge. MA) and chicken anti-bovine TGF- 
Pl mAb (neutralizes TGF-P 1, <2% cross reactivity with TGF-P2 and -P3) was from R 
& D Systems. 

30 Mice and Surgical Procedures. Adult (8- 12 week) female mice of the [Balb/c X 

C57B1]F1, Balb/c or Balb/k strains, and adult male mice of the [CBA X C57B1]F1, 
CBA, or Balb/c strains were obtained from the University of Adelaide Central Animal 
House and maintained in a minimal security hairier faciUty on a 12 hour Ught / 12 hour 
dark cycle with food and water available ad libitum. Females were synchronised into 

35 estrus using the Whitten effect (17) and cycle stage was confirmed by analysis of 
vaginal smears. For natural mating, females were placed 2 per cage with individual 
males and the day of sighting of a vaginal plug was nominated as day 1 of pregnancy. 
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Male studs used for collection of accessory gland secretions were all of proven fertiUty 
and were rested for one week prior to use. 

For intra-uterine injections, uterine horns of estrus females were exteriorised through a 
5 dorsal midUne excision and injected widi 0.2 - 40 ng rhTGF-Pi in 50 ml of RPMI / 
0.1% BSA, or vehicle only, prior to sacrifice of mice 16 hours later for assessment of 
luminal cytokine content or collection of uterine tissue for immunohistochemistry. 
Non-surgical administration of sperm / TGPP, to the uterine lumen was achieved by 
passing a 3 French gauge Tom Cat™ catiieter (Sherwood Medical, St. Louis, MO) 
10 into the uterine lumen (proximal to the point of bifurcation) of restrained females, after 
visuaUsation of the cervix wiUi the aid of an auriscope (Heine. Germany), and manual 
dilation of the cervix with a fine wire. Each uterine catheter was loaded with 50 [il of 
sperm / TGFp,, which was delivered to Uie uterine cavity with the aid of a mouth 



15 



pipette. 



Vasectomised mice were prepared by bilateral ligation of the vas deferens tiirough a 
transverse incision in the abdomen (Hogan et ai. 1986), and seminal vesiculectomised 
mice were prepared by removal of the seminal vesicles through a transverse incision in 
the abdomen following ligation and severing of the proximal tubule at tiie base of tine 
20 gland. The body wall and skin were sutured and the mice were allowed to recover for at 
least two weeks prior to mating. 

All surgical procedures were performed under anaestiiesia using Avertin [1 mg / ml 
tribromoetiiyl alcohol in tertiary amy! alcohol (Sigma) diluted to 2.5% v / v in saline; 15 
25 |il / g body weight injected i.p.]. 

Collection of Reproductive Tract Fluids. Seminal vesicle secretions were extruded from 
intact glands and solubiliscd in 6 M guanidine HCl (1:4 v / v), then desalted into 
DMEM using 5 ml Sephadex G-25 desalting columns (Pharmacia) before application to 

30 epitheUal ceU cultures. Prostate and coagulating gland secretions were extracted by 

homogenisation of intact glands in 0.5 ml of PBS / 1% BSA, followed by sedimenauon 
of debiis at 5000 g. Uterine luminal fluid was collected 16 h after mating or instillauon 
of rhTGF-pl into the uterus by flushing each horn with 500 nl of RPMI-FCS. Debris 
was sedimented at 2000 g and the supernatant stored at -80 prior to cytokine assay. 

35 In experiments where uterine TGF-Pl was measured, flushings of the right horn were 
made with 6 M guanidine HCl / 0.1% BSA, and desalted into PBS / 0.1% BSA prior to 
cytokine assay. For matings with intact and seminal vesicle deficient males the left horn 
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was flushed with DMEM to enable confirmation that adequate insemination had 
occurred (> 1 x 10^ sperm per ml). 

Chromatography. Approximately 1 ml of seminal vesicle fluid in 6 M guanidine HCl 
was applied to a Sephacryl S-400 column (40 cm x 16 mm; Pharmacia) equilibrated in 
6 M guanidine HCl / 0.05 M Hepes pH 7.4. Fracuons of 1 ml were collected, desalted 
into DMEM and assayed for GM-CSF-stimulating activity. Before addition to uterine 
culwre or TGF-p assay half of each fraction was acid activated as previously described 
(18). 



Murine uterine epithelial cell cultures. Uterine epithelial cells were prepared as 
previously described (19) and plated in 1 ml culture wells (Nunc) at 1-2 x 10^ cells / ml 
in 500 ^il of DMEM-FCS. After 4 h incubation at 37 in 5% C02 to allow cell 
adherence, a further 500 ^il of desalted seminal vesicle fluid in DMEM-FCS, cytokines 
1 5 in DMEM-FCS. or DMEM-FCS alone, were added. Culture supematants were 

collected and replaced with fresh medium at 16 hours, then collected again 24 hours 
later, at which time adherent cells were quandfied as previously described (19). All 
treatments were performed in duplicate or triplicate. 

20 Human endometrial cultures. Human endomeuial cell cultures were prepared under 
sterile condiuons using a modification of the procedure described by Bentin-Ley (64). 
Briefly, stromal cells were embedded in a collagen mauix, covered by a thin layer of 
Matrigel (CoUaborative Biomedical Products, Bedford, MA), which in turn was over- 
laid with uterine epithelial ceUs. Uterine epithelial cell supematants were collected at 12 

25 hrs (basal), replaced with 400 |al of medium containing either rTGFp, . semen, or fresh 
culture medium, and supematants were collected 12 h later. The GM-CSF content of 24 
h supematants were normalised to the GM-CSF content of corresponding 12 h (basal) 
supematants. 

30 Human cervical keratinocytes. Human cervical keratinocytes were cultured using a 
modification of the technique described by Rheinwald and Green (65). Cervical 
biopsies were obtained from consenting women undergoing hysterectomy for non- 
malignant gynaecological indications. All women were pre-menopausal, but no 
disdnction was made regarding stage of mensuiial cycle at die ume of surgery. The 

35 cervical biopsies were placed in ice-cold HBSS for tfanspon to the laboratory, washed 
twice in anubiotic containing medium, and incubated overnight at 4 C in DMEM 
containing 5 U dispase (Boehringer Mannheim). Large sheets of keraunocytes were 
mechanically stripped from the biopsy using sterile forceps after a subsequent 1 h 
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incubation at room temperature. Disaggregation into single cells was facilitated by 
incubation in DMEM / 0.25% trypsin / 0.05 % collagenase for 30 minutes at 37 ""C, and 
repeated aspiration using a needle and syringe. Keradnocytes were cultured in ECM- 
FCS, at a density of 1-2 x 10^ cells / ml, over monolayers of murine 3T3 fibroblasts 

5 rendered mitogenically inactive by exposure to 4% mitomycin C (Sigma). 

Keratinocy tes were incubated for 5 -7 days to enable attachment and displacment of the 
3T3 fibroblasts, when the media was replaced with fresh ECM-FCS. Supernatant was 
collected 12 h later (basal) and replaced with 500 ^il of ECM-FCS containing 10 ng of 
rTGFpi, 10% semen or culture medium only (control), which in turn was collected 12 

10 hrs later. The GM-CSF content of 24 h supematants were normalised to the GM-CSF 
content of corresponding 12 h (basal) supematants. 

Cytokines and Cytokine Assays, GM-CSF was assayed using the GM-CSF dependant 
cell Une FD5/12, essentially as previously described (19). Cell proliferation was 

1 5 determined by the addition of Alamai* Blue ( Alamar Biosciences) for die last 24 h of die 
assay or by pulsing with 1 tiCi of [^HJ-thymidine per well for the last 6 h of the assay. 
The minimal detectable amount of GM-CSF was 1 U / ml (50 U / ml defined as that 
producing half maximal FD5/12 proUferation). TGF-p bioactivity was measured using 
Mv-l-Lu cells as previously described (71), except that cell numbers were quantified 

20 by the addition of Alamar Blue for the last 24 h of the assay. The minimal delectable 
amount of TGF-p in this assay was 15 pg / ml. Cytokine bioassays were standardised 
against recombinant cytokines and the specificity of the assays was confirmed by die 
use of cytokine specific neutrahsing antibodies. TGF-pl immunoactivity was measured 
in a specific ELISA (R&D Systems) according to die manufacturers insu-uctions. 

25 

Immunohistochemistry, Uterine tissue was embedded in OCT Tissue Tek (Miles 
Scientific) and frozen in isopropanol cooled by liquid N2 , then stored at -80 ^C until 
use. Six \xm semi-serial sections were cut from uteri collected at 1400 h on die day of 
estrus or day 1 of pregnancy, or from mice injected widi rhTGF-pland fixed in 96% 

30 edianol (4 ^C / 10 min). For m Ab staining, sections were incubated with mAbs (neat 
hybridoma supernatant containing 10% normal mouse serum [NMS]) and goat anti-rat- 
horseradish peroxidase (HRP; Dako, 1:20 in PBS containing 10% NMS) as detailed 
previously (19). To visualise HRP or endogenous peroxidase (to detect eosinophils), 
slides were incubated in diammobenzidine (Sigma)(5 mg/ml in 0.05 M Tris-HCl pH 

35 7.2) plus 0.02% hydrogen peroxide for 10 min at room temperature. After 

counterstaining in haematoxylin the sections were analysed using a video image 
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analysis package (Video Pro, Faulding Imaging, Adelaide) in which the area of positive 
staining in the endometrial stroma was expressed as a percentage of total cell staining. 

Anti-sperm antibody EUSA: A solid phase ELISA technique modified from the 
5 protocol of Okada (66) was used to quantify the serum content of spenm-specific 

immunoglobulins in an isotype-specific manner. Antigen was prepared by disruption 
of freshly isolated CB A sperm (5 x 10^ sperm / ml in PBS) using a Branson sonicator. 
50 jil of sperm antigen suspension was added to polystyrene 96 well flat-bottomed 
ELISA plates (Maxisorb™, Nunc), and incubated overnight at 4 *^C. Plates were 
10 blocked with PBS / 3% BSA for 1 h, and stored at -20 until use. Serum was dUuted 
1:4 in PBS, then serially diluted 1:2 to a final dQution of 1:128, before 2 h incubation in 
the thawed sperm antigen-coated plates. Bound immunoglobulin was detected with 
rabbit a mouse antibody (Mouse Typer™, BioRad; 1 hr), followed by biotinylated 
donkey a rabbit antibody (Amersham,UK; 1:2000 in PBS / 1% BSA; 1 hr) and 
15 streptavidin-HRP (Amersham; 1:4000 in PBS; 30 mins). HRP was visualised by the 
addition of teu-a methylbenzidinc (TMB, Sigma; 20 mins) following acidification of 
product with 1 M H2SO4. Quantification of each immunoglobulin isotype (IgGi, IgG2a, 
IgG2b) was performed in duplicate, and all incubations were at room temperature. The 
antibody tiu^ of each serum was detemined by plotting A450 against titration. 

20 

Sperm antigen delayed type hypersensitivity (DTH) response: A footpad swelling 
assay (69) was employed to measure the DTH response against sperm antigens. Balb/c 
Fl mice were primed on two occasions separated by one month by intra-uterine 
inoculation with sperm antigens in the presence or absence of TGFp , and 10 days 
25 later, footpad thickness was measured using a micrometer gauge (0.01 mm 

increments)(Mitutoyo, Tokyo, Japan) before and 24 h following injection into the hind 
footpad of 25 M.1 of sperm suspension (1x10^ sperm / ml in HBSS). Antigen-specific 
swelling was calculated by subtracting the thickness of contralateral footpads injected 
with HBSS, 

30 

Human leukocyte chemotaxis assay: Leukocyte populations were obtained from human 
peripheral blood using FicoU-Paque™ density gradient cenu-ifugation, according to the 
method described by Boyum (68). Peripheral blood mononuclear cells (PBMC: 
lymphocytes and monocytes) wei-e suspended in HBSS containing 10 % ECM-FCS at 
35 5 X 10^ cells / ml. The chemotaxis assay was a modification of a Boyden chamber 

protocol described by Bignold (69). Cervical keratinocyte culture supernatants (dUuted 
1:1 with HBSS / 10% ECM-FCS), HBSS / 10% ECM-FCS, or N-formyl-methionyl- 
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leucyl-phenylalanine (FMLP, Sigma) were added to the bottom half of chambers and 
were separated from PBMCs by 3 fim polycarbonate mounted adjacent to an 8 
polycarbonate sparse-pore filter (Nuclepore). Following 45-60 mins incubation at 
37oC, during which time PBMCs migrating through the 8 |im sparse-pore filter were 
5 trapped on the surface of the underlying 3 pim filter, cells were fixed by addition of 1 
ml of 10% formalin and quantified by manual counting after staining with Mayer's 
haematoxylin. Mean cell numbers (± s.d.) of triplicate measurements were made for 
each test sample. 



10 EXAMPLE 1. 

Seminal TGFp initiates the post mating inflammatory response in mice and humans 

The cytokine GM-CSF, produced by the uterine epithelium following contact with 
seminal vesicle secretions, is thought to be pivotal to the generation of maternal 
15 tolerance since it is largely responsible for initiating the leukocyte influx into the female 
reproductive tract after maung and for increasing the antigen presenUng capacity of 
these cells. 

Seminal vesicle fluid was fractionated by size exclusion chromatography in order to 
20 identify GM-CSF-stimulating activity. Two fractions were identified; a high molecular 
weight (650 kDA) proteinacous moiety and a intermediate molecular weight, more 
heterogenous moiety eluting between 150-440 kDa (10,62). The latter moiety was 
identified as TGFp,, on the basis of findings that it's GM-CSF stimulating activity was 
enhanced by acid activation, that TGFp, immunoaciivity and bioactivity co-eluted in the 
25 same fraction, and that anti-TGFP, neutralising antibody could block the GM-CSF 
stimulating activity of this fraction (Figures 1.2). The molecular weight of the GM- 
CSF stimulating activity in seminal vesicle fluid (150-440 kDa) is consistent with that 
of the latent form of TGF-pi, a complex of 230-290 kDa which comprises of the 
mature TGF-p dimer (25 kDa) non-covalenUy associated with a 75-80 kDa latency 
30 associated protein and a 130-190 kDa binding protein (23). 

The TGF-pl content of murine seminal vesicle secretions, like that of human seminal 
plasma (22), was found to be exttaordinarUy high and second only to that reported for 
platelet distillate (23). Furthermore the seminal vesicle gland secretions were identified 
35 as contributing in excess of 90% of total ejaculate TGFp, content, with the prostate and 
coagulating gland secretions containing only small amounts of TGFp,. The addition ot 
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rTGFpi to uterine epithelial cells in culture and in vivo was confirmed to increase 
uterine epithelial GM-CSF output in a dose responsive manner (Figure 3). 

The administration of rTGFpl to the uterine lumen of oestrus mice was observed to not 
5 only increase uterine GM-CSF production, but also initiate an influx and activation of 
inflammatory cells similar to that seen following mating (Table 1 and Figure 6). This 
result further supports the proposal that TGFp can fully replicate the post-mating 
inflammatory response induced in the natural situation by seminal plasma. 

10 In viu-o experiments with human cervical keratinocytes and endometrial tissue indicated 
that both semen and rTGFPi can elicit an increase in GM-CSF production from 
reproductive tract tissues in women (Figure 7). Furthermore, the content of leukocyte 
chemotactic activity in supematants from keratinocyte cultures was enhanced by 
tieaonent with either semen or rTGFPi (Figure 8), furdier supporting a principal role 

15 for seminal TGFp in the post-mating inflammatory cascade in women (63). 



Table 1. The effect of intra-uterine injection with TGF-pi on endometrial leukocyte 
parameters. 



treatment 


n 


CD45 


F4/80 


Mac-1 


la 


RB6-8C5 


peroxidase 


vehicle 


5 




15(12-25)^ 


9 (7-21 f 


20 (8-23)^ 


11 (5-15)^ 


4 (4-7)^ 


rhTGF-Pi 


4 


28(13-39)^^ 


37 (30-48)^ 


23(18^2)^ 


25(15-35)^^ 


15 (4-20)^ 


15(11-19)^ 


maied 


4 


41 (30-60)^ 


31 (21-49)*^ 


48 (46-56)^ 


32 (26-57)*^ 


36(15-41)^ 


13(10-20)^ 



Tissues were collected 16 h after natural mating with intact males, or after 
administration of 20 ng rhTGF-pi in 50 ^il PBS / 1% BSA, or vehicle only, to the 
uterine luminal cavity of esuous mice. The reactivity of endomeuial tissue with mAbs 

30 specific for all leukocytes (anti-LCA), macrophages (F4/80 and anti-Mac-1), 

neuu-ophUs (anti-Mac-1 and RB6-8C5), and activated macrophages / dendritic cells 
(la), was determined by immunohistochemisu-y and video image analysis. Eosinophils 
were detected by staining for endogenous peroxidase activity (peroxidase). Reactivity 
with mAbs are expressed as the median (range) percent positivity. The number of mic< 

35 in each experimental group = n. Data were compared by Kruskal-Wallis one way 
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ANOVA and Mann Whitney Rank Sum test Data sets labeUed with different lower case 
letters within columns denote statistical significance between treatment groups (p < 
0.01). 

5 

EXAMPLE 2. 

Senunal vesicle fluid modulates maternal reproductive performance and the maternal 
immune response to paternal antigens. 

10 Previously, exposure to semen at mating was found to cause an intense but uansient 
inflammatory response, and factors in seminal plasma derived from the seminal vesicle 
were implicated in this response. In studies in mice, the inventors have idenufied 
seminal vesicle fluid as a pivotal determinant in opumal embryo development and 
implantation. Furthermore, exposure to semen at mating has been shown to have an 

15 important role in inducing maternal tolerance prior to implantauon, and factors present 
in seminal plasma have been idenufied as necessary for inducuon of this state, 
suggesting that the beneficial effect of seminal plasma on pregnancy outcome may at 
least in part be due to the immune deviating effects of this fluid. 

20 To test the impoitance of exposure to seminal reside fluid for pregnancy success, 

Balb/c Fl females were mated with CBA males from which the seminal vesicles had 
been surgically removed (SV- studs). No implantation sites were present in the uterus 
on day 17 of pregnancy (n=12 females). This total infertility was not due to a lack of 
fenUisation, but rather was associated with implantation failure or early fetal resorpuon. 

25 This may reflect insufficient maternal tolerance of the semi-allogencic embryos due to 
the lack or exposure to seminal i^eside TGFp at maung. 

Table II Effect of seminal plasma on embryonic development of mice. 



30 





Intact 


SV- 


Number of females wiih embryos on day 3 (%) 


8/8 (100%) 


8/8 (100%) 


# embryos @ day 3 (mean ±SD) 


8.0±2.l 


9.0+2.0 


Number of females widi implaiitauon sites on day 17 (%) 


10/10(100%) 


0/12(0%) 


# implants @ day 17 (mean±SD) ^ „ 


7.5±1.8 


0 



Balb/c Fl mice mated naturally with intact or seminal vesicle-deficient (SV-) CBA 
males were sacrificed at 1600h on day 3 to assess embryonic development, or on day 
17 to determine number of implantation sites. 
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To investigate the importance of semen, particularly seminal vesicle fluid, on the 
induction of Thl immune response to paternal MHC antigens, Balb/k (H-2'') female 
mice were mated with intact Balb/k or congenic Balb/c (H-2'*) stud males, or Balb/c 

5 SV- studs. To achieve psuedopregnancy, the uteri of Balb/k females were Ugated at die 
oviductal junction 2 weeks prior to mating. Immune responsiveness to MHC class I 
(H-2'') antigen was assessed by measuring the growth of tumor cells injected on day 4 
of pregnancy or psuedopregnancy. Tumor cells were rejected in most Balb/k females 
mated witii Balb/k males, but grew in pregnant or psuedopregnant Balb/k females 

10 mated with Balb/c males. In contrast, tumors did not usually grow in Balb/k mice 
mated with SV- Balb/c males. These data demonstrate that exposure to semen is 
sufficient to induce specific tolerance to paternal MHC class I antigens, even in the 
absence of an ensuing pregnancy, and show that this tolerance is dependant on factors 
derived from the seminal vesicle (Table III). 
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Table HI. Effect of pregnancy and psuedopregnancy on rejection of Balb/c JR-5 
fibrosarcoma cells in Balb/k mice. 



5 Female Male status at JR-5 injecUon tumor growth median 

at day 17 (%) tumor size# 



20 



Balb/c 




virgin 


11/11 (ICKY) 

11/ 11 V iv/wy 




Balb/c 


Balb/c 


64 pregnant 


5 / 5 (100) 


++++ 


Balb/k 




virgin 


0 / 10 (0) 




Balb/k 


Balb/c 


d4 pregnant 


13 / 14 (93) 


+++ 


Balb/k 


Balb/c (vas) 


64 psuedopregnant 


5/7(71) 




Balb/k 


Balb/c (SV-) 


64 pregnant 


4/11 (36) 




Balb/k (ut lig) 


Balb/c 


64 psuedopregnant 


9/9(100) 


+++ 


Balb/k 


Balb/k 


64 pregnant 


5/ 15(33) 


+ 


Balb/k 


C57Blk X CBA 


64 pregnant 


4 / 8 (50) 


+ 


Balb/k (ut lig) 


C57Blk X CBA 


64 psuedopregnant 


4 / 8 (50) 


+ 



Balb/c (H-2d) or Balb/k (H-2k) female mice were mated vi^ith Balb/c or C57Blk x CBA 
Fl (H-2b/k) studs. In some groups the uteri of Balb/k females were ligated at the 
oviductal junction 2 weeks prior to mating (ut lig). Other groups of intact Balb/k mice 

25 were mated with vasectomiscd Balb/c males (vas) or Balb/c males from which the 
seminal vesicles were removed at least 2 weeks prior to mating (SV-). The day of 
finding a vaginal plug was designated day 1 of pregnancy or psuedopregnancy. Balb/c 
tumor cells (JR-5 fibrosarcoma cells, 10^) were injected s.c. on day 4, and tumor 
growth (diameter, in two dimensions) was measured on day 17 of pregnancy or 

30 psuedopregnancy (++++ = > 8 mm; -M-+ = > 5 mm; + = 1-3 mm). 

EXAMPLE 3. 

Seminal TGFp is an invnune deviating agent. 
35 To assess the effect of TGPP on induction of Thl and Th2 immune responses against 
CBA sperm antigens, Balb/c Fl female mice were immunised by intra-uterine infusion 
with CBA sperm, in the presence or absence of rTGFp, on two occasions separated by 
4 weeks. Development of Thl anti-sperm immunity was assessed two weeks later by 
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measuring the DTH response to a subcutaneous sperm antigen challenge, and by 
measuring serum content of anti-sperm reactive immunoglobulin of the IgGab subclass. 
Whereas sperm administered alone or in the presence of Freunds Complete Adjuvant 
elicited a strong DTH response and a moderate IgG2b antibody response, immunisation 
5 in the presence of TGpp substantially diminished both of these parameters, and was 
comparable to the response elicited by natural mating (Figure 8). In contrast, synthesis 
of sperm-reactive immunoglobulin of the IgGl isotype (indicating induction of a Th2 
response) occurred to a similar extent in all u^aunent groups, regardless of the presence 
of TGFp in the immunising inoculum. 

10 

In another experiment, the effect of TGFp on the induction of 'tolerance* to paternal 
MHC antigens associated with sperm was investigated. Balb/k (H-2k) female mice that 
were given intra-uterine infusions of sperm from Balb/c (H-2d) males together with 
rTGFpi were not able to reject paternal MHC antigen-bearing tumour cells injected 4 
15 days later, whereas tumours were rejected in naive mice or mice given sperm alone 

(Table IV). Tumour rejection was also compromised in mice that administered TGFP 
without sperm antigen, although tumours in this u-eatment group were not as large as 
those which grew in mice that received both antigen and TGFp. 

20 Both of these experiments show that delivery of paternal antigens in combination with 
TGFp to the female reproductive u*act can generate systemic paternal antigen-specific 
tolerance, specifically by inhibiting the Thl compartment of the immune response. 
This immune deviating effect is dependent on the adminisu-ation of TGPP since antigen 
given alone elicits Thl immunity as opposed to tolerance. TGFp given in the absence 

25 of antigen may confer a sute of partial, non-antigen specific tolerance. 

Table IV: The effect of intra-uterine immunisation with Balb/c sperm and TGFp on 
rejection of Balb/c JR-5 fibrosarcoma cells in virgin Balb/k mice. 

30 Treatment tumor growth median 

at day 17 (%) lumor size# 



5 X 10^ Balb/c sperm 
10 ng TGPP 
35 5 X 10^ Balb/c sperm + 10 ng TGpp 
Control (PBS) 



3/8(38) + 

5 / 7 (71) +++ 

6 / 9 (67) ++++ 
0/6(0) 
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Balb/k female mice were uterine ligated, and after two weeks rest were synchronised 
into estrous by administration of GnRH agonist. At 0900 h - 1200 h on the day of 
estrous, mice were anaesthetised and given intra-uterine injections of 5 x 10^ Balb/c 
sperm and/or 10 ng TGFp in 100 ul of PBS (50 ul administered per horn). Balb/c 
5 tumor cells (JR-5 fibrosarcoma cells, 10^) were injected s.c. 72 h after surgery, and 
tumor growth (diameter, in two dimensions) was measured 13 days later (++++ = > 8 
mm; -h++ = > 5 mm; -i- = 1-3 mm). 

10 EXAMPLE 4. 

Paternal antigen-specific hnmime deviation improves reproductive perfonnance 

The experiments described above show that seminal vesicle secretions can elicit Thl 
hypo-responsiveness which manifests as 'tolerance' in the maternal immune response 

15 specific for seminal antigens, including but not likely to be limited to paternal MHC 
antigens, deposited in the female reproductive u*act at mating. The data suggest that 
diminished reproductive outcome ensues when a pregnancy has been initiated in the 
absence of exposure to seminal plasma, perhaps because of inadequate induction of 
maternal 'tolerance' to conceptus antigens. An experiment was therefore performed to 

20 test the hypothesis that a prior state of TGFp-mediated 'tolerance' to antigens in 

paternal semen can benefit reproductive performance. This experiment consisted of 
immunisation by intra-uterine infusion of Balb/c Fl females with CBA sperm, with or 
without rTGFpi, two weeks before mating with intact CBA male studs. Immunisation 
with sperm plus TGFPi resulted in an increase in mean fetal and placental weight 

25 (Table V), despite a small decline in litter size which was evident in all females 

immunised with sperm regardless of the presence of TGFp. This increase was still 
apparent after adjustment for different fetal numbers per uterine horn, thereby 
discounting an effect of litter size (Figure 9). 

30 Induction of Thl hypo-responsiveness against paternal antigens has been reported to 
result in an improved pregnancy outcome in women previously experiencing recurrent 
miscarriage (102). While no data exist on the ability of paternal antigen / TGFp 
immunisation to initiate Thl hypo-responsiveness against paternal antigens, or to 
deviate previously existing Thl immune responses in women, nor on the ability of 

35 TGFP to improve reproductive outcome, this is likely to be the case. The inventors 

have been the first to conduct a large randomised, controlled trial investigating the effect 
of semen exposure on IVF treatment outcome. This uial has confirmed that women 
exposed to semen (containing paternal antigen and natural TGPP) ai'ound the time of 
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thawed embryo transfer have a reduced risk of early embryonic loss compared to those 
instructed to abstain (Table VI). This improvement in reproductive outcome is likely to 
be mediated by maternal immune tolerance towards paternal antigens initiated by TGPP 
and seminal antigens at the time of intercourse. 



10 



Table V. Effect of prior immunisation with sperm and TGF(i on reproductive outcome 
in mice 





Control 


sperm + TGpPi 


sperm 


number 

litter size dotal) 
litter size (viable) 
# resorptions 


139 

11.4 ± 1.0 
11.25 ± 1.3 

a 

0.167 + 0.58 
645.2 + 61.2 


144 

b 

10.4 + 1.2 

b 

10.1 + 1.5 
0.21 + 0.58 

b 


103 

b 

10.3 + 0.9 

b 

10.1 ±0.9 
0.20 + 0.42 

a 


fetal weight (mg) 


677.6 + 56.6 

b 


646.1 + 49.9 
b 


placental weight (mg) 


97.7 + 12.1 
a 


105.2 + 12.4 
ab 


101.8 + 9.8 
b 


fetal: placental weight ratio 


6.69 ± 0.9 


6.5 ± 0.8 


6.36 + 0.8 



15 



20 



25 



Balb/cFl female mice were immunised by intra-uterine infusion with CBA sperm in the 
presence or absence of lOng rTGFp,, and were mated naturally with CBA males 2 
weeks later. Females were sacrificed on day 17 of pregnancy and the number of total, 
viable and resorbing implantauon sites, as well as fetal and placental weights of viable 
conceptuses. were determined. Values are mcan±SD. Comparisons between groups 
were by Kruskal Wallis one-way ANOVA followed by Mann Whitney rank sum test (p 
< 0.05). 
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Table VI. Effect of semen exposure around the time of thawed embryo transfer on 
early pregnancy outcome. 

Iniercouise abstain significance 



transfer cycles 

embryos transferred 
10 implantations (%) 

viable conceptus at 6 weeks (%) 

transfer cycles with biochemical pregnancy 

biochemical pregnancy loss 

clinical miscarriage 
1 5 total pregnancy wastage 



59 


56 


NS 


106 


107 


NS 


11/106(10.3) 


11/107 (10.2) 


NS 


10/106 (9.4) 


7/107 (6.5) 


NS 


9/59* (15.3) 


7/56 (12.5) 


NS 


0(0) 


2/11 (8.2) 


NS 


1/11 (9) 


2/11 (18.2) 


NS 


1/11 (9) 


4/11 (36.4) 


0.043 



Pregnancy outcome following thawed embryo transfer. PaUenl characteristics were not 
significantly different between the two groups. An biochemical pregnancy was defined 
20 as one serum PHCG exceeding 25 lU and a clinical pregnancy as a conceptus/ tetal 
pole seen at ultrasound at 6 weeks gestation. Statistical analysis was performed using 
the Chi square calculation. NS = not significant. * = one twin pregnancy. 



25 
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CLAIMS 

1 . A method of treating an infertility condition in a human or mammal by exposure 
of the prospective mother to TGPP or an effective derivative or analog thereof before 

5 attempted conception to elicit a transient hyporesponsive immune reaction to one or 
more antigen of a prospective fatiier to thereby alleviate symptoms of the infertility 
condition. 

2 . A method of treating an infertility condition as in claim 1 by exposure of a 

10 prospective mother to said one or more antigens of a prospective father and to TGFp or 
an effective derivative or analog thereof before attempted conception to elicit a transient 
hyporesponsive immune reaction to said one or more antigen to thereby alleviate 
symptoms of the infertility condition. 

15 3 . A method of treating an infeitility condition as in claim 2 wherein a mucosal 
surface of the prospective motiier is exposed to the one or more antigens. 

4. A metiiod of treating an infertility condition as in claim 3 wherein the mucosal 
surface is selected from die group comprising an oral mucosal surface, a respiratory 

20 mucosal surface, a gastrointestinal mucosal surface or a genital mucosal surface. 

5 . A metiiod of u-eating an infertility condition as in claim 3 wherein die mucosal 
surface is a genital mucosal surface. 

25 6. A method of u-cating an infertility condition as in claim 3 wherein tiic one or 
more antigens and TGF(3 or derivative or analog thereof is injected for systemic 
contact. 

7 . A metiiod of treating an infertility condition as in claim 3 wherein die TGFp or 
30 derivative or analog thereof and the one or more antigens are adminstered at one site. 

8 . A metiiod of treating an infertility condition as in claim 3 wherein die TGPP or 
derivative or analog tiiereof and the one or more antigens are each adminstered at a first 
site and a different site respectively. 
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9 . A metiiod of treating an infertility condition as in claim 2 wherein tiie TGFp or 
derivative or analog thereof and tiie one or more antigen are adminstei-ed temporarily 
spaced apart. 
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10. A method of treating an infertility condition as in claim 9 wherein the one ore 
more antigens are adminstered subsequent to administration of the TGFp or derivative 
or analog thereof. 

5 

11. A method of treating an infertility condition as in claim 9 wherein the one or 
more antigens are administered first followed by administration of TGFp or derivative 
or analog thereof. 

10 12. A method of treating an infertility condition as in claim 2 wherein the one or 

more antigens are chosen as a result of being particulaily antigenic and prominent eitiier 
on the sperm, or on the conceptus. 

13. A method of u*eating an infertiUty condition as in claim 2 wherien tiie one or 

1 5 more antigens are present on cells taken from the prospective fatiier tiiat contain MHC 
antigens. 

14. A method of treating an infeitility condition as in claim 13 wherein the antigen is 
an MHC I antigen of the prospective fatiier. 

20 

15. A method of U-eating an infertility condition as in claim 2 wherein tiie one or 
more antigens are administered on leukocytes of the prospective father. 

16. A method of treating an infertility condition as in claim 2 wherin tiie one or 
25 more antigens are adminsurated on sperni cells of tiic prospective father. 

17. A method of U*eating an infertility condition as in claim 2 wherein tiic one or 
more antigens are adminstrated in tiie seminal plasma of tiie prospective fatiier. 

30 18. A method of treating an infertility condition as in claim 2 wherein tiie one or 
more antigens are presented 1n purified or semi-purified form. 

19. A method of treating an infertility condition as in claim 1 8 wherein tiie purified 
or semi purified one or more antigens are presented on inert or adjuvant carriers. 

35 

20. A method of ueating an infertility condition as in claim 2 wherein humans are 
being treated, and the exposure of TGFp is to a mucosal surface and tiie level of TGFp 
is greater than 50 ng/ml with a total dose of 150ng/mL 
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21. A method of treating an infertility condition as in claim 2 wherein the mucosal 
surface is exposed to a concentration of TGFp of between 100 and 400ng/ml with a 
total dose of between 100 to 2000ng. 

5 

22. A method of treating an infertility condition as in claim 2 wherein the TGPP or 
derivative or analog thereofis supplied in a slow release form. 

23. A method of treating an infertility condition as in claim 2 wherein the exposure 
10 of die one or more antigens is to the prospective motiier's genital tract in the form of the 

prospective fatiier's ejaculate, and the level of exposure is determined by the cell count 
and antigenic density on the surface of such cells. 

24. A method of treating an infertility condition as in claim 3 wherein humans are 
15 being treated and the one or more antigens are present on leukocytes, whereby between 

10^ and 10^ leukocytes are adminstercd to a mucosal surface. 

25. A method of u-eating an infertility condition as in claim 2 wherein the TGFp is 
selected from the group of TGpPi, TGpPi and TGFp3. 

20 

26. A metiiod of u-eating an infertility condition as in claim 2 wherein the TGFp is 
TGFpi. 

27. A method of treating an infertility condition as in claim 2 wherein the TGFp is 
25 modified. 

28. A metiiod of treating an infertility condition as in claim 27 wherein the 
modification is selected from tiie group comprising substitution, deletion or addition 
mutants, peptide fragments of TGFp or derivative or analog thereof, and peptide 

30 fragments of TGFP or derivative or analog tiiereof which have been incorporated into 
another protein. 

29. A metiiod of u-eating an infertility condition as in claim 2 wherein the TGFp or 
derivative or analog tiiereof is a member of tiie TGFp superfamily. 

35 

30. A metiiod of treating an infertility condition as in claim 29 wherein tiie member 
of the TGFp superfamily is activin. 
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31. A method of treating an infertility condition as in claim 2 wherein TGFp is 
administered in its active form. 

32. A method of treating an infertility condition as in claim 2 wherein TGFp is 
5 administered in precursor form. 

33. A method of treating an infertility condition as in claim 2 wherein the 
prospective mother is incapable of converting sufficient of the inactive form of TGFp to 
active TGFp, and the method of treating includes administration of active TGpp. 

10 

34. A method of treating an infertility condition as in claim 2 wherein the 
prospective mother is incapable of converting the inactive form of TGFP to active 
TGFp, and the method of treating includes administration of a compound capable of 
activating TGFp. 

15 

35. A method of treating an infertility condition as in claim 2 wherein the 
prospective mother is incapable of converting the inactive form of TGFP to active 
TGFp, and the method of treating includes adminisuration of plasmin, so as to increase 
the level of active TGFp. 

20 

36. A method of treating an infertility condition as in claim 2 wherein TGFP is 
administered in an unpurified form using a biological source rich in TGFp. 

37. A method of treating an infertility condition as in claim 36 wherein the TGFP is 
25 administered in the form of platelets. 

38. A method of treating an inferulity condition as in claim 3 wherein humans are 
being treated and the exposure to TGFp and male antigen is a multiple exposure. 

30 39. A method of treating an infertility condition as in claim 38 wherein the multiple 
exposure is preferably performed over a period spanning at least three months prior to 
attempted conception. 

40. A method of treating an inferdlity condition as in claim 2 wherein humans are 
35 being treated and exposui^ is at least one week before conception is attempted. 



41. A method of treating an infertility condition as in claim 2 wherein the exposure 
is before attempted conception. 
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42. A method of treating an infertility condition as in claim 2 wherein administration 
of TGPP or derivative or analog thereof and the one ore more antigen occurs at least 
once after the prospective date of conception. 



43. A method of treating an infertility condition as in claim 42 wherein the exposure 
continues over a period of the first 12 weeks of pregnancy. 

44. A method of treating an infertility condition as in claim 2 first including the step 
10 of diagnosing or testing whether the male has adequate levels of TGFp or the female 

has the capacity to acdvate TGFp, or alternatively whedier anti-sperm antibodies exist. 

45. A method of treating an infertility condition as in claim 2 used in conjunction 
with rVF u-eaunent, whereby the transient hyporeactive immune response is elicited 

15 before transfer of the conceptus or gametes is attempted. 

46. A method of diagnosing an infertility condition in males by testing the level of 
TGFp in seminal fluid. 

20 47. A method of diagnosing an infertility condition in a female by testing for the 
capacity of the female to convert the inactive form of TGFp to the active form. 

48. A composition for use in treating an infertility condition, comprising TGpp or 
derivative or analog thereof and one or more paternal antigens, and a pharmaceutically 
25 acceptable carrier, suiuble for adminisu-ation to a mucosal surface. 



5 



49. A composition for use in u*eating an infertility condition as in claim 48 wherein 
the composition comprises a vaginal gel. 
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AMENDED CLAIMS 

[received by the International Bureau on 31 July 1998 (31.07.98); 
original claims 1-49 replaced by amended claims 1-48 (5 pages)] 

1. A method of treating an infertility condition in a human or mamm^hl by 
exposure of a prospective mother to one or more antigens of a prospective father and 

5 to substantially purified TGFjJ or an effective derivative or analog thci*cof before 
attempted conception to elicit an immune reaction leading to tolerance to said one or 
more antigens to thereby alleviate symptoms of the infertility condition. 

2. A method of ircaling an infertility condition as in claim 1 whercin a mucosal 
10 surface of the prospective mother is exposed to the one or more antigens. 

3. A method of treating an infertility condition as in claim 2 wherein ilie mucosal 
surface is selected from the group comprising an oral mucosal surface, a respiratory 
mucosal surface, a gastrointestinal mucosal surface or a genital mucosal surface. 

15 

4. A method of tieating an infertility condition as in claim 2 wherein the mucosal 
surface is a genital mucosal surface. 

5. A method of treating an infertility condition as in claim 2 wherein the one or 
20 more antigens and TGFp or derivative or analog thereof is injected for systemic 

contact. 

6. A method of treating an infertility condition as in claim 2 wheran the TGpp or 
derivative or analog thereof and the one or more antigens are adminstercd at one site. 

25 

7. A method of treating an infertility condition as in claim 2 whercin the TGPp or 
derivative or analog thereof and the one or more antigens are each adminsicrcd at a 
fust site and a different site respectively. 

30 8. A method of treating an infertility condition as in claim 1 wherein the TGFp or 
deiivative or analog thereof and the one or more antigen ani adminsiered temporarily 
spaced apart. 

9. A method of treating an infertility condition as in claim 8 wherein the one or 
35 more antigens are administered subsequent to administration of the TGFp or 
derivative or analog thereof. 
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10. A method of treating an infertility condition as in claim 8 wherein the one or 
morc antigens are adminstered first followed by adminisU'ation of TGPP or derivative 
or analog thereof. 

5 11. A method of treating an infertility condition as in claim 1 wheiein the one or 
more antigens ai-c chosen as a result of being particularly antigenic and prominent 
either on the sperm, or on the conceplus. 

12. A method of tieating an infcrtiliiy condition as in claim 1 wherien the one or 
10 more andgens are present on ceDs taken from the prospective father that contain MHC 

antigens. 

13. A method of treating an infeniliiy condition as in claim 12 wherein the antigen 
is an MHC I antigen of the prospective father. 

15 

14. A method of iieating an infertility condition as in claim 1 wherein the one or 
more antigens are administered on leukocytes of the prospective father. 

15. A method of treating an infertility condition as in claim 1 whemin the one or 
20 more antigens are adminstrated on sperm cells of the prospective father. 

16. A method of ti^aiing an infertility condition as in claim 1 whciv^in the one or 
more antigens are adminsu-aied in the seminal plasma of the prospective father, 

25 n. A method of treating an infertility condition as in claim 1 wherein the one or 
moi-c antigens arc presented in purified or semi-purified foiin. 

18. A method of treating an infertility condition as in claim 17 wherein the 
purified or semi purified one or more antigens are pix^scnted on inert or adjuvant 

30 carriers. 

19. A method of treating an infertility condition as in claim 2 wherein humans are 
being treated, and the exposure of TGFp is to a mucosal surface and the level of 
TGFp is greater than 50 ng/ml with a total dose of 150ng/ml 



35 



20 A method of treating an infertility condition as in claim 2 wherein the mucosal 
surface is exposed to a concentration of TGFp of between 100 and 400ng/ml with a 
total dose of between 100 to 2000ng. 
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21. A method of irealing an infertUily condiUon as in claim 1 wherein ihc TGFp or 
derivative or analog thereofis supplied in a slow release form. 

5 22. A method of irealing an infertility condition as in claim 1 wherein the exposure 
of the one or more antigens is to the prospective mother's genital tract in the form of 
the prospective father's ejaculate, and the level of exposure is determined by the cell 
count and antigenic density on the surface of such cells. 

10 23. A method of treating an infertility condition as in claim 2 wherein humans are 
being ircated and the one or more antigens aie present on leukocytes, whereby 
between 10^ and 10^ leukocytes are adminstered to a mucosal surface. 

24. A method of treating an infertility condition as in claim 1 wherein the TGPP is 
15 selected from the group of TGpPi, TGFP2 and TG¥^y 

25. A method of treating an infertility condition as in claim 1 whcwin the TGpp is 
TGFPi. 

20 26. A method of treating an infertility condition as in claim 1 wherein the TGPP is 
modified. 

27. A method of treating an infertility condition as in claim 26 wherein the 
modification is selected from the group comprising substitution, deletion or addition 

25 mutants, peptide fragments of TGPP or derivative or analog thereof, and peptide 

fragments of TGFp or derivative or analog thereof which have been incoipornied into 
another protein. 

28. A method of treating an infertility condition as in clain) 1 wiicrcin the TGpp 
30 or derivative or analog thereof is a member of the TGPP supcrfamily. 

29. A method of treating an infertility condition as in claim 28 wherein the 
member of the TGFp superfamily is activin. 

35 30. A method of treating an infertility condition as in claim 1 wherein TGPp is 
administered in it.s active form. 
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31 . A method of treating an inferlilily condition as in claun 1 wherein TGPp is 
administered in precursor form. 

32. A method of treating an infcitility condition as in claim 1 wherein the 

5 prospective mother is incapable of converting sufficient of the inactive fonn of TGFp 
to active TGFp, and the method of treating includes administration of active TGpp. 

33. A method of treating an infertility condition as in claim 1 wherein the 
prospective mother is incapable of converung the inactive form of TOPP to active 

10 TGFp, and the method of treaung includes administration of a compound capable of 
activating TGFp. 

34. A method of treating an infertility condition as in claim 1 wherein the 
prospective mother is incapable of converting the inactive form of TGFfi to active 

15 TGFP, and the method of treating includes administration of plasmin. so as to increase 
the level of active TGFp. 

35. A method of treating an infertility condition as in claim 1 whercin TGpp is 
administered in an unpurified form using a biological source rich in TGFfi. 

20 

36. A method of treating an infertUity condition as in claim 35 whcrcm the TGFp 
is administered in the form of platelets. 

37. A method of treating an infcniliiy condition as in claim 2 wherein humans are 
25 being treated and ihe exposure to TGPP and male anUgen is a muliiple exposure. 

38. A method of treating an infertility condition as in claim 37 whercin the 
muliiple exposurc is preferably perfomcd over a period spanning at least thi^ 
months prior to attempted conception. 

30 

39. A method of trcating an infertility condition as in claim 1 whcrem humans are 
being ueated and exposure is at least one week before conception is attempted. 

40. A method of treating an infertility condition as in claim 1 wherein the exposure 
35 is before attempted conception 
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41 . A method of treating an infertility condition as in claim 1 wherein 
administration ofTOPP or derivaUve or analog thereof and the one ore more antigen 
occurs at least once after the prospective date of conception 

5 42. A method of treating an infertility condiUon as in claim 41 wherein the 
exposure continues over a period of the first 12 weeks of pmgnancy. 

43. A method of treating an infertility condition as in claim 1 first including the 
step of diagnosing or tesung whether the male has adequate levels of TGPP or the 

10 female has the capacity to activate TGpp. or alternatively whether anti-sperm 
antibodies exist. 

44. A method of treating an infertility condition as in claim 1 used in conjunction 
with IVF treatment, whereby the transient hyporeactive immune response is elicited 

15 before transfer of the conceptus or gametes is attempted. 

45. A method of diagnosing an infertility condition in males by testing the level of 
TGpp in seminal fluid. 

20 46. A method of diagnosing an infertility condition in a female by testing for tlie 
capacity of the female to convert the inactive form of TGF(i to ihc active form. 

47. A composition for use in treating an infertili ly condition, comprising TGF|3 or 
derivative or analog thereof and one or moi^ paternal antigens, and a pharmaccutically 

25 acceptable canier, suitable for admmistralion to a mucosal surface. 

48. A composition for use in treaUng an infertility condition a.<; in claim 47 
wherein the composition comprises a vaginal gel. 
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STATEMENT UNDER ARTICLE 19 

1. Claim 1 has been cancelled. 

2. Claim 2 has been amended and renumbered as claim L 

3. Claims 3 to 49 inclusive have been renumbeicd 2 to 48 inclusive and the 
appendenccs have been amended accordingly. 



For your convenience retyped pages 32 to 36 containing these amendments is fowarded 
together with a rcdlincd copy of the Claims showing where the amendments have been 
made. 
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CLAIMS 

4rz A method of tr e ating an infertility condition in a human or mammal by 
exposure of the prospective mother to TCPP or an effective derivative or analog 
5 thereof before attempted conception to elicit a transient hyporesponsive immun e 

reaction to one or more antig e n of a prospective father to thereby alleviate symptoms 
of the infertility condition. 

31. A method of treating an infertility condition as in claim 1 [in a human or 
10 mammal] by exposure of a prospective mother to said one or more antigens of a 
prospective father and to substantially purified TGFp or an effective derivative or 
analog thereof before attempted conception to elicit a transi e nt hyporesponsiv e an 
immune reaction leading to tolerance to said one or more antigen^ to thereby alleviate 
symptoms of the infertility condition. 

15 

3 2. A method of treating an infertility condition as in claim 3 1 wherein a mucosal 
surface of the prospective mother is exposed to the one or more antigens. 

4 3. A method of treating an infertihiy condition as in claim 5 2 wherein the 
20 mucosal surface is selected from the group comprising an oral mucosal surface, a 

respiratory mucosal surface, a gastrointestinal mucosal suiface or a genital mucosal 
surface. 

5 4. A method of treating an infertiUty condition as in claim 5 2 wherein the 
25 mucosal surface is a genital mucosal surface. 

6 5. A method of treating an infertiUty condition as in claim 3 2 wherein the one or 
more antigens and TGFp or derivative or analog thereof is injected for systemic 
contact. 

30 

9 6. A method of treating an infertility condition as in claim 3 2 wherein the TGFp 
or derivative or analog thereof and the one or more antigens are adminstered at one 
site. 

35 8 7. A method of treating an infertility condition as in claim 3 2 wherein the TGFP 
or derivative or analog thereof and the one or more antigens are each adminstered at a 
first site and a different site respectively. 
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9 A method of treating an infertility condition as in claim 2 i wherein the TGPP 
or derivative or analog thereof and the one or more antigen are adminstered 
temporarily spaced apart. 

5 -to 2- A method of treating an infertility condition as in claim 9 fi wherein the one or 
more antigens are administered subsequent to administration of the TGpp or 
derivative or analog thereof. 

44 10. A method of treating an infertility condition as in claim 9 S wherein the one or 
10 more antigens are adminstered first followed by administration of TGpp or derivative 
or analog thereof. 

43 JJL. A method of treating an infertility condition as in claim 2 1 wherein the one or 
more antigens are chosen as a result of being particularly antigenic and prominent 
15 either on the sperm, or on the conceptus. 

43 12. A method of treating an infertility condition as in claim 3 1 wherien the one or 
more antigens are present on cells taken from the prospective father that contain MHC 
antigens. 

20 

44 1^. A method of treating an infertility condition as in claim 43 12 wherein the 
antigen is an MHC I antigen of the prospective father. 

4§ 14. A method of treating an infertility condition as in claim 3 1 wherein the one or 
25 more antigens are administered on leukocytes of the prospective father. 

46 15. A method of treating an infertility condition as in claim 3 1 whcrin wherein the 
one or more antigens are adminstrated on sperm cells of the prospective father. 

30 47 1^. A method of treating an infertility condition as in claim 3 1 wherein the one or 
more antigens ai*e adminstrated in the seminal plasma of the prospective father. 

48 17.. A method of treating an infertility condition as in claim 3 1 wherein the one or 
more antigens are presented in purified or semi-purified form. 

35 

49 IS. A method of treating an infertility condition as in claim 48 17 wherein the 
purified or semi purified one or more antigens are presented on inert or adjuvant 
carriers. 
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30 19. A method of treating an infertility condition as in claim 2 wherein humans are 
being treated, and the exposure of TGFfi is to a mucosal surface and the level of 
TGFp is greater than 50 ng/ml with a total dose of 150ng/ml 

5 

34 20. A method of treating an infertility condition as in claim 2 wherein the mucosal 
surface is exposed to a concentration of TGFp of between 100 and 400ng/ml with a 
total dose of between 100 to 2000ng. 

10 32 21. A method of treating an infertility condition as in claim 2 1 wherein the TGFP 
or derivative or analog thereofis supplied in a slow release form. 

33 22. A method of treating an infertility condition as in claim 3 1 wherein the 
exposure of the one or more antigens is to the prospective mother's genital tract in the 

15 form of the prospective father's ejaculate, and the level of exposure is determined by 
the cell count and antigenic density on the surface of such cells, 

34 23. A method of treating an infertility condition as in claim 3 2 wherein humans 
are being treated and the one or more antigens are present on leukocytes, whereby 

20 between 10-^ and 10^ leukocytes are adminstered to a mucosal surface. 

25 24. A method of treating an infertility condition as in claim 2 1 wherein the TGpp 
is selected from the group of TGFpi, TGFP2 and TGFP3. 

25 26 25. A method of treating an infertility condition as in claim 2 1 wherein the TGFp 
isTGFpi. 

27 26. A method of treating an infertility condition as in claim 2 i wherein the TGpp 
is modified. 

30 

38 22. A method of treating an infertility condition as in claim 37 26 wherein the 
modification is selected from the group comprising substitution, deletion or addition 
mutants, peptide fragments of TGFp or derivative or analog thereof, and peptide 
fragments of TGFP or derivative or analog thereof which have been incorporated into 
35 another protein. 

29 2S. A method of treating an infertility condition as in claim 2 i wherein the TGPP 
or derivative or analog thereof is a member of the TGFP superfamily. 
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^29. A method of treating an infertility condition as in claim 59 2S wherein the 
member of the TGPP superfamily is activin. 

5 34: 2Q. A method of treating an infertility condition as in claim 2 i wherein TGFp is 
administered in its active form. 

32 21' A method of treating an infertility condition as in claim 2 1 wherein TGPp is 
administered in precursor form. 

10 

^ 22. A method of treating an infertility condition as in claim 3 1 wherein the 
prospective mother is incapable of converting sufficient of the inactive form of TGpp 
to active TGpp, and the method of treating includes administration of active TGpp. 

15 ^ 21' A method of treating an infertility condition as in claim 3 i wherein the 

prospective mother is incapable of converting the inactive form of TGpp to active 
TGPp, and the method of treating includes administration of a compound capable of 
activating TGPp. 

20 ^ 2A- A method of treating an infertility condition as in claim 3 1 wherein the 

prospective mother is incapable of converting the inactive form of TGPp to active 
TGpp, and the method of treating includes administration of plasmin, so as to increase 
the level of active TGpp. 

25 36 25,. A method of treating an infertility condition as in claim 2 1 wherein TGpp is 
administered in an unpurified fom using a biological source rich in TGpp. 

26. A method of treating an infertility condition as in claim ^ 35 wherein the 
TGpp is administered in the form of platelets. 

30 

^ 21- A method of treating an infertility condition as in claim 3 2 wherein humans 
are being treated and the exposure to TGPp and male antigen is a multiple exposure. 
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39 28. A method of treating an infertility condition as in claim ^ 21 wherein the 
multiple exposure is preferably performed over a period spanning at least three 
months prior to attempted conception. 
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4© 29. A method of treating an infertility condition as in claim 3 i wherein humans 
are being treated and exposure is at least one week before conception is attempted. 

44 40. A method of treating an infertility condition as in claim 2 I wherein the 
5 exposure is before attempted conception 

43 4i. A method of treating an infertility condition as in claim 3 1 wherein 
administration of TGPp or derivative or analog thereof and the one ore more antigen 
occurs at least once after the prospective date of conception 

10 

43 42. A method of treating an infertility condition as in claim 43 41 wherein the 
exposure continues over a period of the first 12 weeks of pregnancy. 

44 43. A method of treating an infertility condition as in claim 3 1 first including the 
15 step of diagnosing or testing whether the male has adequate levels of TGPP or the 

female has the capacity to activate TGFp, or alternatively whether anti-sperm 
antibodies exist. 

45 44. A method of treating an infertility condition as in claim 3 i used in conjunction 
20 with IVF treatment, whereby the transient hyporeactive immune response is elicited 

before transfer of the conceptus or gametes is attempted. 

4€4^. A method of diagnosing an infertility condition in males by testing the level of 
TGpp in seminal fluid. 

25 

4? 4^. A method of diagnosing an infertility condition in a female by testing for the 
capacity of the female to convert the inactive form of TGFp to the active form. 

48 47. A composition for use in treating an infertility condition, comprising TGPP or 
30 derivative or analog thereof and one or more paternal antigens, and a pharmaceutically 
acceptable carrier, suitable for administration to a mucosal surface. 



49 4S. A composition for use in treating an infertihty condition as in claim 48 47 
wherein the composition comprises a vaginal gel. 
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THE COMMISSIONER OF PATENTS 
WODEN ACT 2606 

Sir 

LNTERNATIONAL Patent Application No. PCT/AU98/00149 
LUMINIS PTY LTD 

We refer to the Examiner's opinion of 13th October 1998 and respond thereto. 

Firstly we summarise the present invention. The inventors have discovered that TGFB, which 
is produced in a latent form in the seminal vesicle gland and is then activated within the 
female reproductive tract, induces GM-CSF synthesis in uterine epithilial cells. This 
upregulates GM-CSF release and initiates a post-coital inflammatory response which is 
related to the induction of tolerance by the mother to a conceptus. Further, the inventors have 
shown that administration of TGFB to the female reproductive tract together with sperm or 
semen can elicit a tolerance towards male antigens and hence to a conceptus. Thus certain 
inferulity conditions that may result from an inability of the female to produce tolerance to 
the antigens of the male may be alleviated by the practice of the present invention. 

In contrast, US 5,395,825 by Feinberg, which is cited against claims 1 to 16 and 19 to 44, is 
concerned with the administration of TGFB to facilitate the production ot fibronectin which 
assists implantation by promoting adhesion of the embryo to the endometnal surface. There 
is no disclosure or teaching of a method involving administering TGFB to elicit an immune 
response in the female. Following the Feinberg method, the TGFB has to be administered to 
coincide with the arrival of the pre-implantation embryo in the utenne cavity. We enclose 
herewith copies of two articles relating to TGFB. Article A is titled "Novel DeUvery System 
for Inducing Quiescence in Intestinal Stem Cells in Rats by Transforming Growth Factor Bl 
and is by Puloakkainen et. al. (Gastroenterology 1994;107;1319-1326). Article B is titled 
"The Enhancement of Wound Healing by Transforming Growth Factor Bl (TGF-Bl) Depends 
on the Topical Delivery System" and is also by Puloakkainen et. al. (Journal of Surgical 
Research 1995;58;32 1-329). Article A, at the start of the third paragraph on page 1324, states 
that TGFBl administered systemically has a half life in circulation of 5 to 7 minutes. In 
article B at page 324, Figure 2 shows that there is litde residual TGFB remaining 3 days alter 
release. 
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The effect of TGFB on fibronectin is very short term and, given the above data regarding the 
lifetime of TGFB, it is clear that in the method of Feinberg the timing of the administration of 
TGFB has to precise so as to coincide precisely with the arrival of the pre-implantation 
embryo in the uterine cavity and would not at the same time be capable of eliciting an 
immune response. In contrast the present invention discloses a strategy wherein the 
administration of TGFB is carried out up to months before conception so as to promote a 
tolerance by the immune system to male antigens and thus improve the chances of 
conception. In Feinberg the TGFB is administered to the ovum or conceptus prior to 
introduction into the female reproductive tract. It is apparent that Feinberg does not 
administer paternal antigens whereas the present invention contemplates administration of 
TGFB and paternal antigens to the female reproductive tract or another mucosal surface. 
Therefore it is expected that in the present invention the TGFB is preferably administered well 
before attempted conception and also that much larger amounts of TGFB are administered 
than in the Feinberg procedure. On this basis the present invention and hence the cited claims 
are novel and inventive over Feinberg. 

US 5,166,190 by Mather is also cited against the same set of claims. Whilst the two 
inventions may achieve the same end result, the methods by which the result arises out of the 
inventions is clearly different. Mather discloses a method for increasing fertility in males by 
locally administering activin so as to stimulate sperm production in males with oligospermia. 
The method by which activin is used in Mather is quite different to the method in which 
TGFB or analogue thereof is used in the present invention. 

In WO 91/10445 by Woodruff the use of inhibin to increase fertility in females is disclosed. 
It appears that in the citation inhibin is used to induce ovulation and therefore the disclosed 
method does not involve the administration of one or more paternal antigens as do the claims 
of the present invention. Further, the two inventions are quite different-the citation discloses 
the use of inhibin to increase ovulation, whereas the present invention discloses the use of 
TGFB and one or more antigens to increase the tolerance of the female immune system to the 
antigens. 

The Examiner has also suggested that Claim 46 is not novel in light of US 5,395,825 by 
Feinberg, Chu et. al. in Fertility and Sterility (66(2), 1996) and Nocera and Chu in American 
Journal of Reproductive Immunology (33(4), 1995). The Feinberg document discusses the 
use of an assay for the presence of active TGFB as a test of female fertility. The proposed 
assay involves measuring the levels of TGFB whereas Claim 46 of the present specification 
claims a method involving testing the capacity of the female to convert an inactive form of 
TGFB to the active form. The Chu and Nocera/Chu documents both suggest that the acidic 
environment of the female genital tract could activate TGFB. However the documents do not 
disclose a method of testing infeitility based on these observations. For this reason claim 46 
is novel over the citations. The inventors believe that measuring the levels of active TGFB 
and determining the ability of a female to convert the inactive form of TGFB to the active do 
not involve the same test. 

Enclosed is a Statement of Amendments and retyped page 41 incorporating the amendments. 
A redlined copy of the claims highlighting the amendments is also enclosed. 



Yours faithfully 

A.P.T. Patent and Trade Mark Attorneys 



Paul Wyk 
Enc. 
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CLAIMS 

^ 1 . A method of treaung an infertility condiuon in a human or mammal by exposure 
of the prospective mother to TGPP or an effecuve derivaUve or analog thereof before 
5 attempted conception to elicit a transient hyponesponsive immune reaction to one or 
more antigen of a prospective father to thereby alleviate symptoms of the infertiUty 
condition. 

2. A method of sealing an infertility condition as in claim 1 by exposure of a 
10 prospective mother to said one or more antigens of a prospecuve father and to TGFp or 
an effective derivaUve or analog thereof before attempted conception to elicit a transient 
hyporesponsive immune rcacUon to said one or more antigen to thereby alleviate 
symptoms of the infertility condition. 

15 3 . A method of u-eaung an infci-tiliiy condition as in claim 2 wherein a mucosal 
surface of the prospecuve mother is exposed to the one or more antigens. 

4. A method of u^ealing an infertility condiuon as in claim 3 wherein the mucosal 
surface is .selected from the group comprising an oral mucosal surface, a respiratory 

20 mucosal surface, a gastrointestinal mucosal surface or a genital mucosal surface. 

5 . A method of U-eaiing an infertility condiuon as in claim 3 wherein the mucosal 
surface is a genital mucosal surface. 

25 6. A method of u-caung an infertility condiuon as in claim 3 wherein the one or 
more antigens and TGPp or derivative or analog thereof is injccied for systemic 
contact. 
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7 . A method of u-eaung an infertility condition as in claim 3 wherein die TGFp or 
derivative or analog thereof and the one or more antigens are adminstered at one site. 

8 . A meUiod of U-eaung an inferulity condition as in claim 3 wherein the TGpp or 
derivative or analog diereof and the one or more antigens arc each adminstered at a first 
site and a different site respecdvely. 

9 . A method of treating an infertility condition as in claim 2 wherein the TGPp or 
derivative or analog thei^f and the one or more anugen are adminstered temporarily 
spaced apart. 
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10. A method of treating an infertility condition as in claim 9 wherein the one ore 
more antigens are adminstercd subsequent to administration of the TGFp or derivative 
or analog thereof. 

5 

11. A method of treaung an infertility condiuon as in claim 9 wherein the one or 
more antigens are administered first followed by adminisu-ation of TGFP or derivative 
or analog thereof. 

10 12. A method of treaung an inferulity condiuon as in claim 2 wherein the one or 

more anugens are chosen as a tx:sult of being particulaiiy antigenic and prominent eitlier 
on the sperm, or on the conceptus. 

13. A method of ucating an infcrulily condition as in claim 2 whcrien the one or 

1 5 more anugens aie present on cells uikcn from the prospective lather that contain MHC 
antigens. 

14. A method of u-eaiing an infeitilily condiuon as in claim 13 wherein the antigen is 
an MHC 1 antigen of the prospective father. 

15. A method of ucating an infcrulity condiuon as in claim 2 wherein the one or 
more antigens arc administered on leukocytes of the prospective father. 

16. A method of treating an infertility condiuon as in claim 2 wherin die one or 
25 more antigens are adminstfatcd on spcmi cells of die prospective father. 

17. A method of Ueaung an inferulity condiuon as in claim 2 wherein the one or 
anugens arc adminstrated in the seminal plasma of die prospective fadier. 
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30 18. A method of U-eaung an infertility condiuon as in claim 2 wherein die one or 
more antigens are presented in purified or semi-purified form. 

19. A method of treating an inferulity condition as in claim 1 8 wherein die purified 
or semi purified one or more antigens are presented on inert or adjuvant earners. 



20. A method of Ueaung an inferulity condition as in claim 2 wherein humans are 
being treated, and the exposure of TGPP is to a mucosal surface and the level of TGFp 
is greater dian 50 ng/ml with a total dose of 150ng/ml. 
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31. A method of treating an inferuliiy condidon as in claim 2 wherein TGF(i is 
administered in its acUvc form. 

32. A mediod of treating an infertility condition as in claim 2 wherein TGPP is 
5 administered in precursor form. 

33 A mcO^od of treating an infertility condition as in claim 2 wherein the 
prospecttve mother is incapable of converung sufficient of the inacuve fo- of TCF^ 
acuve TGFP. and the mediod of treating includes administration of acuve TGFp. 

34 A method of treaung an infertiUiycondiuon as in claim 2 wherein the 
prospecuve moO^er is mcapabie of converting the inacuve form of TGFP to acuve 
TGFP, and d.e method of treating includes administrauon of a compound capable of 
aciivaiing TGpp. 

35. AmeU.odoftreaunganinfet.iUtycondiuonasinclaim2whe^^^^ 
prospective mod.er is incapable of converting the inacuve form of TGFP to acuve 
TGFP, and U.e method of treating includes administrauon of plasmin, so as to mcreasc 
the level of active TGPp. 

'''36 A method of treating an infertility condition as in claim 2 wherein TGFP is 
administered in an unpurified fonn using a biological source nch m TGFp. 

37. A method of treating an infertility condition as in claim .^6 wherein the TGFP is 
25 administered in the form of platelets. 

38 A method of treaung an inferulity condidon as in claim 3 wherein humans are 
being treated and the exposure to TGFP and male antigen is a muluple exposure. 

30 39 A memod of treaung an infertility condidon as in claim 38 whet^in U.e muluple 
exposure is preferably perfonned over a petiod spanning at least U.ree tnonths pnor to 
attempted conception. 

40 A method of treaung an inferulity condidon as in claim 2 wherein humans are 
35 being heated and exposu.^ is at least one week before conception is attempted. 

41. A method of treaung an infertility condidon as in claim 2 wherein the exposure 
is before attempted conception. 
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42 A method of treating an infertiUly condition as in claim 2 wherein administrauon 
of TGFP or derivauve or analog thereof and the one ore more antigen occurs at least 
once after the prospective date of conception. 

43. A method of treaung an inferUUty condition as in claim 42 wherein the exposure 
conunues over a period of the first 12 weeks of pregnancy. 

44 A method of treaUng an infertility condiuon as in claim 2 first including the step 
of diagnosing or testing whether the male ha.s adequate levels of TGPP or the female 
has the capacity to acUvatc TGPp, or alternatively whether anti-sperm anubod.es exrst. 

45 A method of treating an infertiUty condiuon as in claim 2 used in conjunction 
with IVF trcaUBcnt. whereby the transient hyporeacuve immune response rs ehcrted 

1 5 before transfer of the concepius or gametes is aticmpicd. 

46. A method of diagnosing an infenihty condition in males by testing the level of 
TGFP in seminal fluid. 

20 47 A method of diagnosing an infeoility condiuon in a female by testing for the 
capacity of the female to convert the inactive (oun of TGPP to the active form. 

48 A composition for use in treaung an infenUity condiuon. comprising TGPP or 
derivauve or analog thereof and one or more paternal antigens, and a phar^aceuucaUy 
25 acceptable carrier, suitable for administration to a mucosal surface. 

49. A composiuon for u.se in treaung an infemlity condition as in claim 48 whervrn 
the composition comprises a vaginal gel. 
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21. A method of Ueating an infcrtilily condition as in claim 2 wherein the mucosal 
surface is exposed to a concentration of TGFp of between 100 and 400ng/ml with a 
total dose of between 100 to 2000ng. 

22. A method of treating an infertility condition as in claim 2 wherein Uic TGPP or 
derivauve or analog thcreofis supplied in a slow release form. 

23. A method of treaung an infertility condiuon as in claim 2 wherein the exposure 
of the one or more anugens is to the prospective mother's genital tract in the form of the 
prospective father's ejaculate, and the level of exposure is determined by the ceU count 
and antigenic density on the surface of such cells. 

24. A method of treaung an infertility condition as in claim 3 wherein humans are 

1 5 being treated and the one or more antigens arc present on leukocytes, whereby between 
10'' and 10^ leukocytes arc adminsiercd to a mucosal surface. 

25. A method of u-caiing an infertility condition as in claim 2 wherein the TGPP is 
selected from the group of TCPPi. TGFp2 and TGFp3. 

20 

26. A meUiod of treaung an infertility condition as in claim 2 wherein Uie TGFp is 
TGFpi. 

27. A mediod of treating an infeitiliiy condition as in claim 2 wherein the TGFP i.s 
25 modified. 

28. A method of treating an infertility condition as in claim 27 wherein the 
modification is selected from the group comprising subsutuUon, deletion or addiuon 
mutants, peptide fragments of TGFP or derivative or analog thereof, and peptide 

30 fragments of TGFP or derivative or analog thereof which have been incorporated into 
another protein. 

29. A method of ueating an infertility condiuon as in claim 2 wherein the TGPp or 
derivauve or analog thereof is a member of the TGFp superfamily. 
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30. A method of ueaUng an infertiUty condiuon as in claim 29 wherein the member 
of the TGFP superfamily is activin. 
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Cancel Page 41 on file containing claims 41 to 48 and replace with 

amended Page 41 containing Claims 41 to 48 wherein amendments 

have been mlide to Claim 47. The remaining claims are 

unchanged. A redlined copy of the claims showing the amendments is also 

included. 
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41. A method of treating an infertility condition as in claim 1 wherein 
administration of TGFp or derivative or analog thereof and the one ore more antigen 
occurs at least once after the prospective date of conception 

5 42. A method of treating an infertility condition as in claim 41 wherein the 
exposure continues over a period of the first 12 weeks of pregnancy. 

43. A method of treating an infertility condition as in claim 1 first including the 
step of diagnosing or testing whether the male has adequate levels of TGPP or the 
10 female has the capacity to activate TGFp, or alternatively whether anti-sperm 
antibodies exist. 



44. A method of treating an infertility condition as in claim 1 used in conjunction 
with IVF treatment, whereby the transient hyporeactive immune response is elicited 

15 before transfer of the conceptus or gametes is attempted. 

45. A method of diagnosing an infertility condition in males by testing the level of 
TGFp in seminal fluid. 

20 46. A method of diagnosing an infertility condition in a female by testing for the 
capacity of the female to convert the inactive form of TGFp to the active form. 



47. A composition for use in treating an infertility condition, comprising 
substantially puritled TGFp or derivative or analog thereof and one or more paternal 

25 antigens, and a pharmaceutically acceptable carrier, suitable for administration to a 
mucosal surface. 

48. A composition for use in treating an infertihty condition as in claim 47 
wherein the composition comprises a vaginal gel. 

30 



